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ABSTRACT

The CROSSROAD was developed based on the
concept of “Active Life Navigator.” It combines a
compact body with the ruggedness of a 3-row, 7-seater
SUV to accommodate new driver lifestyles.

Based on the idea of “small but tough,” the vehicle's
individual design stands out even in the city.
CROSSROAD expresses a tough image through its solid,
angular lines and prominent fender.

Every corner of the CROSSROAD's interior has been
refined with the concept of “Exhilarating and Brawny,”
complimenting the vehicle’s angular body, while its
sturdy frame and modern, robust interior were created
to provide passengers with a sense of security and safety.

With the CROSSROAD'’s tough exterior and modern
interior, we hope to provide vehicle owners with new
value in their automobiles.
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Fig. 1 Concept of Crossroad

Fig. 2 Final design mock-up
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Styling Design of New MONPAL ML200

ooooooa®
Masahiko YAMAGISHI

good

oooooo ML200 DOOOOOOODODODOODDOO
gooooooooooooobobbbbobobooo
gobooomoooomoooooooooboooo

goboboboboboobooboooooooboooboon
gbob* ooboooooooboor"ooboboboboo
0000000000000 HondaASV-3LONGODODOO
gobobooooooooboooboooooooboobooooog
00000oDOo0000oooooOOO0O00dddHondad O
gbobobooboooboboboboooooboobo

ABSTRACT

Looking towards the advent of an aged society, the
new Monpal ML200 four-wheel scooter was developed
to increase the quality of life of a greater number of
users.

Taking into consideration of using the vehicle in the
city and suburbs, the basic framework is that of a “smart
package” no wider than a bicycle. Visibility has been
increased by the use, for the first time in a commercial
vehicle, of the ASV-3 LONG technology employed in
Honda's Advanced Safety Vehicle.

The vehicle's affection-inspiring front “face” and the
trapezoidal form that provides users with a sense of
stability were designed, based on the concept of offering
a new style of mobility that is also firmly within the
Honda tradition.
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New MONPAL ML200 Design concept
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Fig. 1 Design concept
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ABSTRACT

In the 1960s, when Honda won its first Formula 1
race, the Japanese automotive industry entered a new era.
This study attempted to accurately reproduce and analyze
the process of formation of the exhaust pipe of the
winning RA272 engine, using the waza (skills) employed
in its fashioning, which have been handed down by its
makers. This analysis showed that the manual bending
method, used to create the RA272 exhaust pipe, which
was filled with sand and bent while being flame-heated,
enabled the achievement of a continuous curve with a
high bending limit, without the use of figures or molds,
and was superior to the mechanical bending method of
that time, from the standpoint of the degree of freedom
of the layout, as well as that of speed of production.
Study of the skills employed by sheet metal specialists
at the moment of pipe bending has provided information
on the bending temperature and point at which bending
is initiated, which is important in elucidating the pipe
production technique. The fact that the pipe displays
lower residual stress from bending and that the
microstructure of the material remains stable, even at
exhaust temperatures of 700 °C to 900 °C, has also
provided useful information on the pipe's shape stability
and mechanical strength.
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Table 1 Manufacturing methods for Formula 1 vehicle exhaust pipes

First term Second term Third term

1963-1968 1984-1992 1999-
Material Steel pipe Stainless steel, Stainless steel,

(STKM) inconel inconel

Manufacturing . Mechanical bending, Mechanical bending,
Manual bending - . 4
method welding welding, press forming
Engine type V8, V12 V6, V10, V12 V10, V8
Photograph

Table 2 Team and engine type Expansion of pipe Bolting flange Butt welding ENngine port

Team Ferrari BRM Honda aniry pipe \ =) S‘?al flange X
] A X [
Dino 158 B.R.M.56 | RA272 N {}
Engine| V81489 cc | V81498 cc | V121500¢cc | [T T 7 Slel T 1Ll T — _l
type | 210 ps 220 ps 230 ps v - = i
11000 rpm | 11500 rpm | 12000 rpm _ﬁ‘

Fig. 5 Method of manufacture of flange

Exhaust pipe upper Exhaust pipe upper First bend

R side L side Second bend

Exhaust pipe under Exhaust pipe under
R side L side

Third bend Fourth bend

Fig. 6 Technique of bending primary pipe

Fig. 3 RA272 exhaust pipe

Welding probe Argon gas hose

Gas outlet

Tail Collector Primary Flange

(a) Collector

(c) Collector and

pipe tail welding
(b) Collector
welding
Fig. 4 Configuration of exhaust pipe Fig. 7 Method of manufacture of collector
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Fig. 12 Correction with hammer
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Table 3 Rate of change table of outer diameter and thickness

Mechanical bending Manual bending
Form X outer | Y outer | Outside | Inside Form Xouter | Y outer | Outside | Inside
diameter |diameter|thickness|thickness diameter | diameter [thickness|thickness
c
2 A 34.14 | 34.14 | 2.21 2.13 33.49 | 34.16 | 2.10 2.19
é mm mm mm mm mm mm mm mm
Rate of change Rate of change
B -4.3 0 —23.5 23.0 -3.3 -1.0 | -16.2 13.2
% % % % % % % %
c —-6.2 -0.2 | -18.6 22.1 -9.0 -12 | -17.1 14.2
% % % % % % % %
D -5.0 -0.7 | -22.6 23.5 5.5 -0.1 | -15.2 13.2
% % % % % % % %
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ABSTRACT

A full model change of the RC211V was performed,
in order to achieve highly controllable handling and
enhanced cornering performance. The engine used in the
new model is based on the light, compact, and high
output V-type five-cylinder engine, which is the
backbone of the RC211V, and has been made more
compact and lighter. The entire completed machine has
been re-designed for greater mass concentration, and the
frame and suspension dimensions have been modified,
enabling the moment of inertia of the overall machine
to be reduced. In addition, the adoption of the Honda
Intelligent Throttle Control System Il (HITCS I1), which
electronically controls the fuel supply system for only
two of the five cylinders, has enhanced maximum output
and increased fuel economy and throttle controllability.
In addition, the side area of the fairing has been reduced,
resulting in greater handling performance.

Based on these results, a stable racing machine with
high potential performance has been developed.
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Enhancement of Turning Performance
Requirements

(1) Enhancing brakingO

performancel]
(2) Enhancing turning] Overalld
characteristics] performance
(3) Enhancing traction
performance

<=

. Modification based on 20050
Review of overall performance

model and advanced controls

[ New GenerationD] [ 2006 Original ]

Entered with two types of RC211V in 2006 Moto-GP

Fig. 1 Development concept

Table 1 Major specifications

Iltem0 Specifications
Overall lengthC]  (mm)[[l 2050
Overall width( (mm)[J 645
Overall heightD]  (mm)[ll 1130
I
I

Wheel base[] (mm)(] 1440
Vehicle dry mass[] (kg)ll Over 148

Engine typel] Liquid cooled 4-stroke DOHC V-5 cylinder
Valve train(J DOHC 4-valve

Engine displacement[{cms3) ([l 990

Max. powerd (kw/r/min){] Over 180

Fuel supply system PGM-FI

Ignition system(] Digital CDI

Transmission[] 6-speed constant mesh

Clutch type[] Dry multi-plate type (hydraulic)
Fuel tank capacity(Liter)I[J 22
Frame typel] Aluminum twin tube

. Front 16.5
Tire sizel RearD] 165

. Front Telescopic

S O

uspension Rear[] Unit pro-link

Fig. 2 2006 RC211V external view
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Development of V8 Engine
for American Le Mans Series

Trevor Knowles”

Yasuhide Sakamoto” Tom Nickols”

ABSTRACT

A V8 engine was developed to optimize it for the
Prototype 2 category (LMP2) of the American Le Mans
Series (ALMS) racing. This engine was introduced at
the 2007 Sebring 12 hour race.

The technical character of the performance, reliability
and serviceability were all changed while keeping within
the ALMS regulations such as a 44 mm inlet restrictor
for the 3.4L V8 engine. The Indy Racing League (IRL)
engine was utilized for the comparison reference. The
effects of the significant differences between the series,
such as the change from ethanol fuel to an ethanol/
gasoline mix and changing from a rev limited engine
running mainly on oval courses to an intake-restricted
engine, running on road and street courses are discussed.

New test procedures that we created to assess engine
hardware changes are discussed. Novel design features
of the engine such as the valve gear detail and the
combustion chamber design are reviewed.
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1. Introduction

IRL rules give detailed limits on major engine
dimensions including engine capacity, number of
cylinders, cylinder bore, overall engine length, minimum
engine weight, crankshaft dimensions, injector position,
airbox dimensions and engine sensors® . ALMS rules
are set by the organization responsible for the Le Mans
24 hours race, the Automobile Club de I’Ouest (ACO)
and , in contrast, allow a variety of engine configurations
and capacities®.

Table 1 highlights the major differences in the rules
between the two series and it can be seen that the ACO
rules allow much more freedom of design and
development over the IRL rules. While both series call
for mechanical throttle control, fixed inlet lengths and
fixed valve timing, they use different fuels and have
different means of trying to limit engine power with the

0 HONDA PERFORMANCE DEVELOPMENT INC.

IRL controlling engine speed and the ALMS restricting
the air intake. It was in these two areas where we
focused our development.

Fig. 1 General view of ALMS engine
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Table 1 Comparison of IRL and ALMS rules
IRL ALMS

Engineld 3.0 liter, 90° V8 Up to 3.4 liters, 8 O
configuration cylinder, N/A or[
Up to 6 cylinder O
supercharged.
Inlet O Upto20 8 max. Vee orin-[J
manifold injectors. O line
Placed between [
throttle and O
head face. O
Fixed length
Power limit 10,300 rpm0 Inlet restrictor. [
limiter Size based on [
engine 0
configuration
Development[l| Major castings, 0| None
constraints ports, O
combustion O
chamber, O
pumps, valve 0
train gears
Fuel 100% ethanol 92% gasoline/10%/[]
ethanol
Noise limit IRL-supplied O 113 dBA
silencer

2. Engine Specification

The priorities for the engine were reliability foremost,
engine cost second and engine power third. In several
cases this led us to choose the most reliable solution
rather than the one that would give the greatest
performance.

When we made the decision to enter the ALMS, the
development engine specification was 2.800liters. It had
downward-facing injectors located just downstream of
the throttle bodies with supplementary injectors located
at the manifold-to-head joint. This joint face was as
close to the inlet valves as possible to minimize the
distance from these lower injectors to the cylinder. We
did not change the main engine architecture as we
wanted to use our resources to concentrate on other areas
which had to change.

One such area was the airbox. The IRL airbox was
flexible and leaked air where the air snorkel fitted to it
and where it fitted to the head. The ALMS officials
carry out a leak test at events in which the engine inlet
has to maintain a 1500mbar vacuum for over half a
second. The air box, made from carbon-fiber, reinforced
plastic (CFRP), was stiffened by adding foam inserts to
the floor and sides. The IRL specifies the latch to fix
the airhorn to the airbox. These have a spring element
in them. On the dynamometer, the combustion air
supply pressure was sufficient to lift the airhorn off the
airbox when the throttles closed. At higher speeds where
the restrictor took effect, the joint closed up. This
fatigued the fasteners in a few hundred miles' running.
We changed to self-locking fasteners similar to those
used to attach the car’s body panels to the chassis.

Studying the ACO table of restrictor size against
engine capacity showed that the 3.0 liter with its 44.7
mm diameter restrictor would allow the highest power

Table 2 Restrictors for normally-aspirated gasoline

engines
> 2 valves per O | 2 valves per [
cyl. cyl.
<3000 cm?3 44.70 46.20
>3000 and up to O 44.30 45.80
3200 cm3
>3200 and up to O 44.00 45.50
3400 cm3
Homologated 0 44.70 46.20
engines up to 4000 O
cms3

output but we chose the more conservative route of
having the maximum capacity with its corresponding
smaller (44.00mm) restrictor on the basis that this
combination chokes at a lower engine speed. Reducing
the engine speed would extend engine life.

The original IRL engine capacity was 3.50liters,
although this was reduced to 3.0 liters in 2004, so we
knew that the crankcase would accommodate the longer
crank throw to achieve the higher swept volume.
Another change between the two series is the higher
electrical load in ALMS to support the use of electric
fuel pumps, electric power steering, lights, an on-board
engine starter and, in our case, an electrically-operated
gearshift. This meant we had to accommodate a larger
alternator. This is driven off the back of the water
pump, running at 0.48 engine speed. To protect them
from vibration and heat, the alternator’s electronics are
remotely-mounted in the radiator inlet duct.

3. Inlet System

Changing from ethanol to 92% gasoline and 8%
ethanol fuel reduced the injector flow rate requirements.
We decided to maintain the two-injector-per-cylinder
layout as this allows us to modify the torque curve based
on the proportion of the fuel flow through the upper
injector. The lower injector near the inlet valves gives
good response but little charge cooling from fuel
evaporation while fuel from the upper injector cools the
charge but displaces air. In an effort to reduce the cost

1.00%
@ 0.00% — ',‘7‘
< e i
Qo ’/’ b \\ M
,,,,,,,,, Y 2 N R, JE
E / N
T -1.00% 7 \ T
N / \
\\l \ ]
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,,”,,,,,”,””””””””\”7, ———————
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Fig. 2 Injector test results
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of the engine, we tested injectors used on several Honda
production cars. The 2006 IRL engine ran 10 bar fuel
pressure but the production injectors would not open at
such a high pressure. We reduced the fuel pressure to
5 bar to suit the injectors. Figure 2 shows power
variation as injector type is changed. One can see that
the alternative injectors reduced performance by almost
2% but, for this series, reliability is the most important
characteristic. Rather than going for the injectors which
gave the most power, we chose the Alternative injector
1 as this design gave the most reliable starting, an
important consideration for this series as the engine has
to be shut off in pitstops and restarted using the on-board
starter. The figure also shows that, when running in the
restricted region, the injector has almost no effect on
power.

The governing body caused some confusion over the
restrictor size. The ACO reduced restrictor diameters for
the P2 class by 5% for 2007. We set about optimizing
the intake length to suit the lower choking speed this
gave us. To ensure reliability, we had one-piece
trumpets made of the appropriate length. At the end of
the January, the International Motorsports Association
(IMSA) who controls the ALMS rules enforcement
announced that they would maintain the larger, 2006
restrictor sizes. This meant that our intake was too long
for optimum performance but we decided to keep the
one-piece trumpets for Sebring in the interests of
reliability. Another late rule change was the introduction
of fuel consisting of 92% 100 octane gasoline and 8%
ethanol. This cost some performance and economy
while needing a complete engine re-map.

4. Cylinder Head for ALMS P2

The cylinder head is a 4 valve per cylinder design
with 10.4° exhaust angle and 8.5° intake angle. The
poppet valves are fitted with twin coil springs, and are
activated by a pair of camshafts per bank with finger
followers located on a common axis.

Qil for the cylinder head is fed through the cylinder
head to the camshafts. The shafts are hollow and
distribute oil to the finger followers, cam bearings and
spring cooling. There are two scavenge ports at either
end of the spring chest core, and the core has a flat

Fig. 3 Early swing arm location method

bottom to aid oil drain.

Support for the camshafts and swing arms are from
twin buttresses between cylinders. This design was
chosen for the space saving through the cylinder area.

The spark plug centrally located in the compact
chamber passes through the spring chest core. A light
weight alloy tube sandwiched between the cam cover
and the head seals it from the engine oil. The ignition
coils reside in these tubes and the wiring is attached to
a carrier for the coils, which is covered by a CFRP
cosmetic cover.

The swing arm assembly has been designed to be
stiff, light weight and low cost. Originally

the shaft was designed as an interference fit to the
top faces colored red in Figure 3.

The shaft could be fitted by hand and then drawn
upwards to lock with the bore by tightening the bolts.
This lead to a rather unsatisfactory condition where by
the forces on the followers were great enough to
overcome the system and lead to instability.

We redesigned the cylinder head to join adjacent
pairs of buttresses together enabling a bolt through
system that is now used in the race engines. Figure 4
shows how the pair of pivots are joined through the
buttresses via an M8 stud and the finger followers are
then retained by a special keeper. Lubrication is
performed by splash via slots machined in the upper
thrust faces of the arms.

front and O
rear swingll
arms[]
together

Fig. 4 Final swing arm shaft detail
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Fig. 5 Friction reduction with new design of shaft fixing
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An unexpected side effect from this change was that
the valve train requires less power to drive. As shown
in Figure 5, the new fixing method reduced the
motoring power by 20% at high engine speeds.

5. Durability Testing

The IRL engine target life was 600 miles. The initial
target for the ALMS engine had to be at least 1400 to
cover the Sebring 12 hour race. Moreover, the duty
cycle between an IRL engine designed to operate mainly
on oval circuits and the ALMS engine operating on road
and street course would be different. At the time of the
first durability test, we had no track data to use to set a
durability cycle. Instead we used a simulation of a fast
lap of Sebring with the power curve the engine had and
the characteristics of the P2 chassis. The simulation had
been developed by a consulting company for use in the
IRL program so we were confident in its accuracy. In
fact, when we did run at the track, the actual trace was
close enough to the prediction that we made no change
to the test cycle. After the Sebring race, where the
combination of a tire with increased grip and the
developed aerodynamic package allowed so much more
wide-open throttle (WOT) running, we needed to revise
the cycle. Figure 6 below shows the original and final
traces.

Originally, we expected to have to include slow laps
in the cycle but we soon learned that the races are run
like sprint races. The drivers do not drive to conserve
the car.

Durahility testing ran on atest cell equipped with an
alternating-current (AC) dynamometer to give fast
response. The shift cut settings in the engine control unit
(ECU) were tuned to match the dynamometer control to
simulate shift-without-lift upshifts. The total cycle
distance for a successful was equivalent to 1517 miles,
based on a 3.7 mile lap of Sebring.

Initial tests ran standard atmospheric conditions but
we were concerned that races as long as 12 hours take
place under a variety of conditions and some may stress
the engine more than others. Running at fixed
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Fig. 6 Simulation speed throttle trace and final track
data

conditions may miss the worst case and allow the engine
to pass the test but fail on the track. Therefore, later
tests used weather data taken from the 2006 race to vary
humidity, temperature and barometric temperature.
Figure 7 shows the inlet temperature and pressure
variation over the test.

We did not take into account the charging effect due
to the car moving through the air. This lead to
detonation damage to car engines which we had not seen
on the dynamometer engines. Following the realization
of the importance of this, we vary the combustion air
system pressure with simulated car speed.

——Inlet Temp. [°C]
——ECU TA [deg C]
—=—Inlet Pressure [kPa]
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- 106

O 301 L 105 &
< <
g 28 L 104 9
£ 28 i g
E 26 L 103 &
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Fig. 7 Air inlet condition variation over test cycle

6. Performance Testing

We used a technique of 1-D prediction to define the
flow targets, flow-bench tests of SLA models (both
inflow and outflow), prediction using these results, fine
tuning of the shape and flow-bench and dynamometer
testing of machined parts. Early tests showed a good
correlation between the SLA models and actual cylinder
heads provided the valve seat was accurate in the SLA
piece although we did have some instances where the
aluminum part results were different from the SLA
results. This always was when the port had to change
from the original design to accommodate manufacturing
requirements. Port refinement was already underway as
part of the IRL engine development when we changed
direction. During this testing we modified the NE limit
calculation to divide it by atypical volumetric efficiency
factor, in this case 120%. This gave good agreement
with the NE limit and the peak power engine speed.

To try to assess the effects of port design changes
on drivability, we devised a transient power test using
a rate of 2000 rpm/s based on acceleration rates from
the 2005 St. Petersburg IRL race. 100 Hz data was
smoothed by using a moving average of 7 data points.
This testing confirmed that the IRL inlet port we had
developed (1P26) would be too large for ALMS use.
The first iteration, IP34, was created from the 1P26 by
adding material to the port floor. A further, later
modification to improve lower injector nozzle clearance
changed its designation to IP37. Another iteration, IP35,
reduced the port volume further. Figure 8 compares
the 1P26 and P35 ports.
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Another new test, where the engine was held at WOT
and 6500 rpm when the dynamometer control switched
to absorb a constant 350 Nm. The time taken for the
engine to accelerate to 10000 rpm was used another
measure of the port’s effect on engine response. Figure
9 shows an example of the results of such a response
test with different sizes of inlet port.

These tests confirmed the improved response with the
smaller port but also showed that we had not yet reached
the lower limit. This led to the design of the smaller-
diameter 1P40 port. By this stage, port volume had

dropped from 4030cc, for the P26, to 32000cc for the

IP40. As Figure 10 shows, this did provide a further
benefit over the IP35 port at low speed and just before
the restrictor went sonic but it was so small that we felt
we were near the limit. Thus, rather than continuing to
investigate smaller and smaller ports, we selected P40
as the race port.

Apart from the ports being set to suit IRL racing, the
camshaft design and timing also favored high-speed
running. We designed several alternatives, with
combinations of revised accelerations, lift version and
duration as shown in Table 3.

- IP35
- IP26

IP35 reduced size
on top and bottom

Fig. 8 Changes from IP26 to IP35 inlet port

Table 3 Development camshaft details

CamshaftO Intake Exhaust
spec Lift Duration Lift Duration
A4000] 15.34[] 2530 12.4600 2360
B4000] 15.34[] 2530 12.6600 2370
C4000 14.33[] 2540 11.650 2370
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Fig. 9 Response of different inlet ports

The results of the camshaft changes can be seen in
Figure 11.

As expected, the lower-lift intake camshafts suited
the low speed nature best while the exhaust camshaft had
little effect on performance.

Performance development is an on-going process in
racing. We are still investigating the ideal inlet length,
camshaft profile, exhaust layout, piston shape oil
viscosity and pressure while trying to remove weight and
cost from the engine.
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7. Conclusions

We successfully have developed an ALMS LMP2
engine. Mgjor changes from an IRL engine were focused
on the airbox, fuel injector and alternator.

Despite using a conservative approach to ensure
reliability, we were able to make performance
improvements.

Using a knock-control system together with piston
crown geometry changes allowed us to use as high a
compression ratio with 92% gasoline / 8% ethanol mix
as we had been using with 100% ethanol fuel.

Reference
(1) 2006 Indycar® Series Rule Book, p.147-155

(2) Regelement Technique ACO — ACO Technical
Regulations 2007 Prototype“LM”"P1 & “LM"P2, p.25
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Electrical System Development for
American Le Mans Racing

Manminder Hayre”

Marcelo Martinelli®  Yasuhide Sakamoto”

ABSTRACT

The electrical system developed for the American Le
Mans Series (ALMS) racing car, used a modular
approach for both the engine control unit complete with
associated satellite components and the interface and
management of 3" party devices. The basis of the system
applied the modular approach by expanding the base
engine control system; while still allowing continual
development of the engine including different injectors
and sensors, with optimized peripheral units for the
different engine hardware.

Within the control system a shift to model-based code
and simulation for software test and validation was
developed and implemented. This resulted in the ability
to provide strategies at an average of three times the rate
compared with the previous system, and ultimately
providing the higher efficiency of overall system
application to changing targets.
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1. Introduction

The designs of previous systems were very engine-
specific with algorithms closely coupled to the specific
hardware used on the engine. Additionally, the PC tools
for the control system were specific products that all
users had to be familiar with.

To economize on the resources used to produce and
support a new generation of control systems and provide
a more efficient development structure allowing multiple
applications, a completely new approach was required.

The key points to be addressed with the new system
were:

(1) Themain component of the system i.e. Engine Control
Unit (ECU), to have a life exceeding five years.
Allowing the latest technologies to be applied without
this system core being outdated.

(2) Provide enough expansion for not only engine control
but also driveline control.

(3) Reduce the time from concept to track application for
system operation and control algorithm devel opment.

(4) Develop as close to ECU independent control
algorithms as possible.

(5) Theahility to apply the system to different or changing
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engine and vehicle specifications without the need for
completely new hardware or software.

With the original system assumptions of driveline
control and diversity in control applications, the correct
steps to fulfilling the requirements for the first race
application to be implemented with the Le Mans
Prototype 2 (LMP2) project were in place. Figure 1
shows the Acura LMP2 car during initial testing of the
new engine and control system.

Fig. 1 Acura LMP2 car
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2. Engine Control Unit (ECU)

The design of the ECU incorporated very powerful
Power PCs, using floating point computation and
operating at clock speeds of up to 1.2 GHz, providing
digital signal processing (DSP) and parallel processing
with the potential of 600+ Million Instructions Per
Second (MIPS). This would provide over 10x greater
processing than the outgoing control system and the
ability to easily implement auto-coding. Added to this
was one of the latest Field Programmable Gate Arrays
(FPGAS) for Input/Output (1/0) processing and control.
To these basics, up to 1GB of memory, multiple 400
Mbit/sec Low Voltage Differential Signaling (LVDS)
high speed links and the implementation of four separate
Controller Area Network links (CAN) were added
allowing the addition of peripheral and 3 party drive
stages or data input units to the control system. In
comparison to any previous system used for a motor
racing application, this system far surpassed the
processing, control speed and expandability. Figure 2
shows the ECU main component design.

3. Injector Driver Unit (IDU)

The distributed approach allowed the development of
a custom designed injector driver stage for the LMP2
engine injectors resulting in a LMP2 specific IDU, while
provisional engine development was being carried out on
the dynamometer with the standard 1DU.

Through investigations on the fuel bench, testing
different injectors and their responses to different injector
drive stages, an evolution of the standard peak and hold
design was set. To this design, the extra functionality of
injector diagnostics was added. Different injector current
and voltage waveforms were processed and a signature
for a working or broken injector identified. This
signature resulted in using a simple but effective means
of providing information on the movement of the injector
pintle and hence a means to identify a non-operating
injector. To allow firmware up-dates, CAN

communication was incorporated into the design. High
Density Integrated Circuit (HDIC) technology was used
to address the size and weight reduction. This resulted
in a successfully designed, developed and tested injector
driver unit.

4. Knock Detection Unit (KDU)

With the use of gasoline for the LMP2 engine, there
was a requirement to optimize the ignition to maintain
the high compression ratio under all conditions. Also,
due to the inconsistency of fuels at different racing tracks
and the need to run at the optimum performance for long
durations, a knock detection and control system was
needed.

As with the IDU development, the distributed
architecture of the control system allowed engine
development to proceed with the available control system
components before the addition of a usable KDU and
software could be developed. As with the IDU, the
additional goals of reducing component size and weight
led to the implementation of HDIC for the KDU as well.
To provide reliable working hardware without the need
for extensive research and development, the design of the
KDU used an existing Knock IC. This device processed
one of four broadband analogue accelerometer inputs
switched by a multiplexer. Figure 3 shows the
architecture of the system with the Knock I1C interfacing
to the ECU via an FPGA.

To select the correct frequency and optimize the
detection, high bandwidth knock sensor data and cylinder
pressure data were gathered. The high sampling rate
data was post processed using an in-house developed
numerical computing model of the hardware to yield a
target for the optimum filter pass frequencies and
window angles. The upper filter frequency was dictated
by the operating range of the sensor. The lower
frequency was to encompass the 1% order frequency of
knock without dropping into a high area of noise seen
with lower frequencies. The band pass filter ranges
where a result of an iterative process of data analysis.

Processor 1

ECU 400 MHz to 1.2 GHz[
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o 4 8 MB SRAMO
+Data acquisition[];-# 8 MB flash .
CalibrationO ’ Multiple
= S
o distributed O
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O o= Sl modules
. Q.
“Modelings] g8 40K logicO
*Autocoding elements High speed links[]

Processor 2

upto 1 GB flash
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( Ethernet ) Physicald ) L1 & L2 cachel
layer 8 MB SRAMU

+0
CAN

Fig. 2 ECU architecture
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Figure 4 shows a plot of the minimum detectable
cylinder pressure oscillations against engine speed for
different data filtering ranges to determine the most
suitable filter type and range. The three lines plot, Plot
1.the best signal to noise ratio with a high pass filter of
>20 kHz. Plot 2. the chosen band-pass filter of 12 KHz
to 20 kHz and Plot 3. the worst with a band-pass 6 kHz
to 17 kHz filter. The optimum filter and frequency range,
Plot 2, was chosen because it minimized the detectable
cylinder pressure oscillations while also remaining within
the knock sensors’ operating range yielding a clear
detectable knock event.

The development of the algorithm was split into an
ignition open loop and a knock feedback numerical
computing model both developed using a multi-domain
simulation and model based design system platform. The
Ignition model provided a baseline knock threshold
ignition timing and integrated with the other ignition
algorithms affecting the engine torque. The feedback
model used two knock thresholds. One threshold caused
an immediate retard with the other using a statistical
means for control. The knock calibration continually
evolved with data available from dynamometer and
subsequent track testing. This led to the knock signal
noise and probability of knock being determined through
statistical analysis leading to a further evolution of the
system.

Engine control unit Knock detect unit
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CAN CAN — [+
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e AMUX

Fig. 3 KDU embedded architecture
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5. System Communication Architecture

The distributed nature of the engine control system
along with all 3 party chassis electronic components
required a unique communications and control
architecture unlike the standard interfacing scheme
previously used.

A configurable CAN interface was developed in order
to meet the changing requirements for data sharing
between engine ECU, chassis logger and telemetry radio.
Figure 5 shows the System communication architecture.
CAN buses were segregated into control and monitoring
classifications in order to make the overall system more
robust and fault-tolerant in the event of a link failure or
link overload condition. CAN 4, blue lines, denotes
monitoring only link. CAN 1, red line, denotes system
control messages link. CAN 2 and 3, denotes 3 party
links with CAN 3 used for specifically for timing critical
information. The use of CAN for driver/dash switches
as well as expansion 1/0, was a means to reduce overall
wiring weight and still maintain the ability to attach
additional sensors for testing and development purposes
during the course of the season. Message transmission
rates between the different buses varied from 10 Hz to
1 kHz.
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UNIT UNIT MODULE(S) PRESSUREC] SIU
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Fig. 5 System communication architecture

6. Embedded Software Structure

The embedded code was split into three layers to
provide abstraction specifically for auto-coding, which
was new for this system:

(1) HAL —Hardware Abstraction Layer
(&) Lowest layer of software. Defines hardware drivers,
input/output conditioning, interface to memory, register
addresses, communications etc.

(2) VAL —Vehicle Abstraction Layer
(&) Middlelayer of software. Convertslow level signals
into engineering units.
(b) Characterizes sensors like wheels speed, crank and
cam, temperature, pressure, knock, etc. Converts
calibrated injection end angle into a start angle.

(3) APP-—Application Layer
(a) Highest layer of software. Containsall high level
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functionality. Fuel and ignition control, pit lane speed
limiter, yellow mode, idle control, shift control, knock
control, engine torgque control, etc.

(b) Thislayer is auto-coded.

A Real Time Operating System (RTOS) was
implemented for one of the processors to handle higher
level controls, such as the Ethernet communications and
other items. The main processor, however, required the
development of bespoke drivers which provided the
basics of the Hardware Application Layer (HAL). The
result of this software structure together with the
hardware design and firmware management was the
application of a structured software code base. Figure
6 shows the flow of information organized in the
different software layers. e.g. the decision on the injector
angle is made in the APP layer. This decision interfaces
with the VAL layer which translates the angle to a value
associated with the calculation parameters i.e. the start
angle. This is then translated to an actual time or/and
event controlled by the ECU hardware in the HAL layer.
Similarly, the raw inputs are read by the hardware
specific devices. i.e. analogue to digital converters at the
HAL layer. These are then translated to pulses or volts,
i.e engineering units at the VAL layer then used in the
algorithms for temperature, pressures or engine speed at
the APP layer.

As part of the software structure direction, the goal
of reducing the time from concept to application code
and hardware independency was realized by
implementing 100% of the ECU embedded code
application layer in model format.

ECU software layers

APP — Control the system |

/. \ Engine speed (rpm)C
Wheel speed (kph)Od
Temp (deg C)O

Injection end angle (deg)O
Injection amount (usec)O
Ignition angle (deg)O

Cylinder cut pattern v

VAL — Characterize the vehicle |

N
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Injection start angle (deg)C]
Injection end angle (deg)]
Ignition angle (deg)Cl

Cylinder cut pattern v

HAL — Communicate with ECU hardware |

Turn on injector] A

Turn off injector
CDI control pulsel]
Fire-Cut cylinder

Speed input (pulses)C
Analog input (volts)O
digital input (state)

Analog input (counts)
Digital input (bit)(J
Speed input interrupt

4 |

Fig. 6 Embedded software layers

7. Code Testing

To complete the loop for coding efficiency a custom
configured Commercial Test Hardware and associated
Open Source Software (CTHOSS) system was utilized
to expand our testing capabilities. In conjunction with

this and to compliment the ECU models we also had to
develop plant models for testing and simulation. For the
engine model, we started with a basic model of a V8
engine. To this, enhancements were made and then a
transmission, drive shafts, uprights and basic tire model
where added. The platform for the testing and
implementation of the model-based environment was an
industry standard numerical computing tool, multi-
domain simulation and model based design platform in
conjunction with the CTHOSS. The CTHOSS interface
fitted in with our entire simulation and auto-coding
environment. The same plant models where used offline
as well as in hardware in the loop simulation. The two
methods in which we used the system, connecting
directly to an ECU were:

(1) Hardwarein the Loop Simulation (HILS) - CTHOSS
houses a plant model of engine and vehicle. ECU
operates asif driving areal car.

(2) Bench tester — CTHOSS houses a model that maps
buttons and dials, displayed on the screen of a PC, to
ECU I/0.

(@ User can manually exercise functionality, test
hardware and check communications between
different hardware modules.

(b) User can run track accumulated or dynamometer
data through the ECU.

(c) Automated tests are run through the ECU to
exercise existing functionality.

(d) Representative signals had to be created for ECU
excitation. i.e. variable reluctance cam and crank,
wheel speed, knock, etc.

With the above approach, all the hardware that made
up the vehicle electrical system could be connected
together for bench testing prior to dynamometer or track
running. i.e.

(1) ECU, gearshift controller, knock detection, injector
driver, CDI, etc.

(2) Real system loads like injectors, spark plugs, shift
actuator, all sensors, etc.

8. Conclusion

The development of the system provided new
directions in many areas. On the controller side, the ECU
used two power PCs running at speeds that are more
associated with desktops. The implementation of the
HDIC technology and the use of a multiplexed knock IC
for the knock allowed the use of new technology with
existing components but in a different environment. The
use of injector movement signatures for the diagnostics
again was new for the LMP project. The handling of the
different component communications utilizing CAN at a
much greater level than previously used, provided the
ability to quickly add 3 party components and expand
the complete vehicle system but still provide diagnostic
abilities through component fault interrogation and
hence isolation. Figure 7 shows the extent of the
electronic components required for an LMP car. On the
software side, the implementation of model-based code
and auto-coding the application layer was the basis of

0350



Honda R&D Technical Review Vol.19 No.2 (October 2007)

the new development environment and the goal of
concept to code time reduction resulted in the release of
a strategy at three times the rate as in the previous
system approach. This was achieved by using the test
hardware and having the ability to simulate the track
environment better. Coupled with this was the
development of the plant models for the engine driveline
and system expansion, which provided more accurate
simulations and hence the ability to provide a calibrated
system for different circuits more feasible.

Fig. 7 LMP2 vehicle cockpit layout
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A lightweight, portable engine generator, EU6500is,
which has a rated output of between 4.5 and 5.5 kVA
and a world top-level quietness was developed.

The EU6500is, which is based on the existing
EM6500is open frame type inverter generator, on which
an air-cooled single cylinder engine is mounted, employs
a muffler cooling system with an air guide for cooling
the muffler and realizes low noise and reduced weight
due to the use of a highly rigid monocoque frame, and
the like. As a result, the noise value Lwa at the rated
output of 5.5 kVA was 90 dB. Thisis at least as low as
the EU series soundproof frame type inverter generator,
which has an output of about half that of the EU6500is.
Also, while the noise emitted from the new generator is
at least as low as that of the EX5500 portable engine
generator, on which a 2-cylinder water-cooled engine of
comparable output is mounted, the weight has been
successfully reduced by 35% and the volume by 33%.

As aresult, the new generator can cope with a wide
range of needs, such as an emergency backup power
source or for leisure, as the top model in the EU series.
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Table 1 Sound pressure level in living area

Sound pressure levell Typical sound
Lpa (dB)
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80— 90 Inside subway
70— 80 Noisy office
60— 70 Business office
50 - 60 Conversational speech
40 - 50 Living room
30— 40 Library
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Table 2 Comparison of specification with EM6500is

and EX5500
EM6500is EX5500
Displacement (cm?3) 389 359
Engine * 2400 - 3600
9 Speed (rpm) 23300 - 3600 3600
Operating noise level (Lwa; dB) 98 90
Multi-pole Double-pole]
Type field rotary field rotary
Generator AC voltage (V) 120/240 120/240
AC frequency (Hz) 60 60
Max. AC output 6500 5500
Rated AC output 5500 5000
Dimensions L xW x H (mm) 810 x 672 x 692 | 942 x 580 x 650
Dry weight (kg) 97 177
% : Eco SW ON

Yc: Eco SW OFF
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ABSTRACT

An electric power steering system (EPS) has been
developed for an all-terrain vehicle (ATV), based on an
automobile EPS system. The new EPS has been
employed in the 2007 TRX500FPE FourTrax Foreman
4X4 ES. The EPS unit has been made compact to enable
fitting without having to modify the vehicle
configuration. Optimization of the size of the motor, the
reduction ratio, and the spring rate of the torsion bar has
enabled the prior ATV steering torque to be halved in
both 2WD and 4WD operation, and has resulted in the
achievement of a balance between reduced kickback and
the maintenance of an appropriate level of feedback from
the road surface. The use of a configuration that enables
the EPS unit to avoid external loads (use of bearing
holders, etc.) and a waterproof structure has helped
ensure that the unit satisfies the requirements of ATV
use.
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ABSTRACT

In recent years, the increase in performance of car
navigation systems has led to a corresponding increase
in the size of the map data, which in turn has led to the
use of a hard disk drive (HDD) as the data storage
medium.

Map data should be regularly updated to include
newly constructed roads, facilities, and the like.
Currently, this updating procedure is facilitated through
removal of the HDD; hence, the navigation system
cannot be used during the process.

Now, by employing a new data storage structure, a
simple, convenient, and quick method has been
developed to update the data without removing the HDD.
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Table 1 Nominal chemical composition

Composition (mass %) Theoretical amount (atomic %)
Material C|Si|Mn| Ni [ Cr|Fe|Mo| W | Ti| Al | Nb| Others 7T’ Niz (Al, Ti, Nb)
0.004 B
NCF5015-D | 0. 1 1 1 2 1. 1. 2. 1.4 | 1. .
CF5015 0.05| 0 0 50 5 6 0 5 5 3 0.003 Mg 26.7
0.004 B
NCF5015-H | 0. 1 1 1 2 T - (21| 1. 1.2 27
CF5015 0.03| 0 0 55 6 0|3 8 0.004 Mg
0.004 B
NCF440 0.05({ 01|01 70 | 19 3 10(15|25(14 (13 26.9
0.003 Mg
Inconel751 [0.05| 0.1 (0.1 | 72 | 16 7 - - 123]12]10 23.4
NCF3015 |0.03| 0.1 |0.1| 32| 16 | 47 | - - |27]12]|0.8|0.004B 23.6

NCF5015-D (Developed material with Daido Steel Co., Ltd.)
NCF5015-H (Developed material with Hitachi Metal, Ltd.)
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Table 2 Specific gravity

g/lcm3
NCF5015-D|NCF5015-H| NCF440 | Inconel751 | NCF3015
8.09 8.17 8.24 8.25 7.90
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ABSTRACT

A dust sealing material displaying low levels of
volatilization of acetaldehyde and toluene has been
developed in order to enhance the air quality of
automobile cabins. Volatilization of acetaldehyde has
been reduced by more than 90% and that of toluene by
more than 45% in the developed dust sealing material,
as compared to the former sealing material.

As component materials, an acrylic resin and a
urethane resin have been used for the base resin of the
sealing material, and a toluene-free diluent has been
employed. From the perspective of the production
method, the use of toluene has been discontinued in the
production processes of all materials to help eliminate
any residual toluene content. In addition, the use of
solvents containing toluene has been discontinued in the
factories where the dust sealing material is produced, and
the level of toluene in the air in the factories has been
controlled to a specified level or below.
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Table 1 Materials selected for indoor density level
reductions to comply with Ministry of
Health, Labor and Welfare guidelines

NoO Materials(]

10 | Formaldehyde[

200 | Acetaldehyde

30 | Toluenel

40 | XyleneO
50 | EthylbenzenelO

60 | Styrenel

70 | Tetradecanel

80 | Di-n-butyl phthalate[]

900 | Di-2-ethylhexyl phthalate

100
110
120
130

Paradichlorobenzenel

Chlorpyrifos[

DiazinonO

Fenobucarbd

Table 2 Contribution rate of dust sealer to indoor VOC

Vehicle typer] Acetz?!)(/jot)egydeE Toz(l%e)r&leD
Sedan A 150 130
Sedan BO 130 60

SUV AO 230 60
Suv BO 150 90
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Table 3 Acetaldehyde volatilization and contribution rate of raw materials

Concentration of acetaldehyde volatilizationCl| Contribution rate(]

Basic raw material(l of acetaldehyde]

1o/ 1 graw materiald] wg/ 1 g dustsealerl| yolatilization %0
PVC homopolymer( 10 0.10 8.60]
PVC/PVAc copolymer 100 1.00 85.90
Plasticizer 0.050 0.02 1.30
Fillerd 0.050 0.02 1.90
Diluent 10 0.02 1.70
Adhesive agent[] 0.30 0.01 0.50
Moisture absorption prevention agent(] 0.010 0.00 0.00
Total 1.16 1000

Table 4 Alternative resin from PVC/PVAc copolymer

Resin{J PVC homopolymerl]] Acrylic resin(] Urethane resin(J| Epoxy resinl]
Materiall] | Tensile strengthd Good[ Poord] GoodO Excellentd
propertiesl)]  Ejongation GoodO GoodO Excellentd Faild
Applicabilityd Good[O Good[O Fail *20 Failll
Workability[]
Storage stability[] GoodO Good *30 GoodU Poor(d
Environment[ Fail *10 Good[ GoodO Good[
Costl] Low0 Middle[ HighO HighO

*1 Increased chlorine density in automobile shredder residue.C)
*2 Difficult to lower viscosity due to plasticizer mixing.[J
*3 Use of acrylic resin core shell structure.O]
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Table 5 Toluene volatilization and contribution rate of raw materials

Concentration of toluene volatilization[] Contribution rate(]
Basic raw materialll of tolueneld

1g/ 1 graw materiald| wg/ 1 g dust sealerl]] yolatilization %0
PVC homopolymerQ 0.50 0.050 0.10
PVC/PVAc copolymerl] 1.50 0.150 0.40
Plasticizer( 0.50 0.150 0.40
FillerD 0.00 0.000 0.00
DiluentO 20000 40.000 98.60J
Adhesive agent[] 100 0.200 0.50
Moisture absorption prevention agent(] 0.00 0.000 0.00
Total 40.550 1000
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Acrylic resin = 100 parts constant
=== Curing agent 4.4 parts
—O— Curing agent 3.9 parts
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/
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Tensile strength (MPa)

060 —————
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*1 Equivalent reaction ratio of urethane and curing agent

Fig. 1 Compound ratio and tensile strength of acrylic
resin, urethane, and curing agent
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Table 6 Acetaldehyde and toluene volatilization of raw materials

Basic raw materialCl Concentration of acetaldehyde volatilizationlll] Concentration of toluene volatilizationJ
ng/ 1g raw materialCl | ug/1g dust sealerd | ng/ 1g raw materialCl | wg/1g dust sealer(]

Acrylic resin0 0.10 0.020 2.50 0.380
a;’&eg;er‘irr‘]‘; i:gsg;ED 0.10 0.010 350 0.210
Plasticizer() 0.20 0.070 1.50 0.450
Fillerd 0.00 0.000 0.00 0.010
Diluentd 0.00 0.000 0.10 0.000
Mgr'zf,‘gﬁtiiﬁsgé’;tr'ﬁg[ 0.00 0.000] 0.00 0.000]
Total 0.100 Total 1.050
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| Apply to glass board |

v

| Cure at 140 °C x 25 min |

Storage, 4 days

| Specimen completion |

| Insert to Tedora bag |<—| N, gas |

v

|Leave at 60 °C x 2 hr|

Sampling

Y

HPLC

Analysis of tolueneld Analysis of(J
volatilization acetaldehydel]
volatilization

Fig. 3 Measurement method of volatilization
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Table 7 Material performance

No[ Confirmation item( Developed materialC] Conventional materialC]
10 Tensile strengthO 1.3 MPall 1.3 MPall
20 Elongationd 290%0 150%0
30 Shearing adhesion strength 1.4 MPald 1.3 MPall
40 Hardness[ 740 820
50 Water resistancel] 1.2 MPald 1.2 MPald
60 Low temperature resistancel] Acceptabled Acceptabled
70 | High temperature adhesion strengthlll 0.60 MPall 0.40 MPall
80 Vibration resistance] Acceptabled Acceptablel]
90 Watertightnesst No water leakagel No water leakagell
100 ViscosityO 100 Pa-sd 90 Pa-sO
110 Storage stability(] 107 Pa-sU 97 Pa-sO]
120 Fluidityd 0 mmQO 0 mmQO
130 Self-leveling characteristics[] No color transparencyl] No color transparencyl]
140 Coating pollution] Acceptable[ Acceptable[]
googo
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ABSTRACT

The development of the new model ACCORD set
targets for interior sound during acceleration based on
target user characteristics, and analyzed sound transfer
paths using the principal component regression method
to enable these targets to be achieved. This method of
analysis enabled the degree of contribution of structure-
borne paths and airborne paths to interior sound to be
clarified. Synthesized sound, produced on the basis of
the results of the analysis, was incorporated in a sound
quality evaluation system. This enabled identification of
the areas in which measures should be applied, and the
extent to which they should be applied, to satisfy interior
sound targets. As a result, targets for interior sound in
the new model ACCORD were achieved.
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The development of the new model ACCORD set out
to produce a sound proof package that would result in
competitive NV performance, while at the same time
demonstrate good weight performance. The study of the
sound proof package employed a variety of methods that
have demonstrated effectiveness in other development
projects, as follows: A hybrid statistical energy analysis
(hybrid SEA) modeling method, a technique enabling
prediction of the acoustic characteristics of multilayered
materials, and FEM analysis. The results of these
analyses showed that the floor, including the tunnel,
displayed a high rate of contribution to road noise in the
vehicle cabin. This enabled the development of a sound
insulating floor structure that balanced reduced weight
with enhanced sound insulating performance, which has
contributed to the achievement of increased quietness in
the new model ACCORD.
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ABSTRACT

A 3.7 L V6 engine has been developed for the 2007
model year MDX. The new engine was developed based
on the framework of the 3.5 L V6 engine employed in
the previous MDX, but the engine's displacement and
power have been increased.

The use of an aluminum alloy cylinder liner is an
effective method of simultaneously increasing engine
displacement and power. In employing an aluminum
aloy cylinder liner in the new engine, the development
focused on the sliding characteristic between the liner
and piston rings. The reliability of the sliding
characteristic has been ensured by the application of two
main new technologies to the sliding surface of the bore:
Detailed specification of the exposure of the particles on
the liner, and the achievement of increased adhesion
between the liner and cylinder block to increase the
resistance of the bore to thermal distortion. This paper
discusses the development of the aluminum liner for use
in a cast iron cylinder block in the new high-power,
high-displacement V6 engine, and provides an overview
of the main technologies employed.
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Table 1  Specifications of cylinder blocks

Previous Developed

Total displacement (cm3) 3471 3664
Bore (mm) 89 90
Stroke (mm) 93 96
Bore pitch (mm) 98 98
Block height (mm) 235 235
Block material Aluminum alloy Aluminum alloy
Liner material Cast iron AI.‘ (Spr ay compacted)

High-Si aluminum alloy
Liner thickness (mm) 2.5 2.5
Weight (kg) 27.4 25.3

Table 2 Liner samples for engine tests

Sample A | Sample B | Sample C
Particulate .
material Al203 Al203 Si
Particle
diameter (um) 3 30 5
Liner manufacturing Powder Melt-i Spray
method metal eltn forming
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Table 3 Material property of aluminum liner

Iltem Unit Sample A[Sample B{Sample C
3| Material — Al20s | ALOs Si
E Hardness Hv 2600 2600 1000
Tensile strength| (MPa) 250 240 250
Young's modulus| (GPa) 100 95 90
= Thermal
% conductivity (W/m-K) 120 115 120
Thermal
expansion (x1079/K) 16 19 16
coefficient

Table 4 Comparison of hardness

Piston ring
Top 2nd Qil
| Average hardness (Hv) 1150 900 1050
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Fig.2 O Fig.3 0000000000 OODDOOODO

Pitting caused by particles dropping

Fig. 2 Sample A

IZum

Particles do not drop out

Fig. 3 Sample C
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Table 5 Comparison of piston ring materials

17Cr0.8C [ 13Cr 0.6C | 10Cr 0.5C

Under Under
2um 2um

Base metal
Cr nitride/carbonization
particle size (um)

Average hardness of
nitrided case (Hmv) 1150 1050 1050

5-8um
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Table 6 Comparison of material properties

Cylinder - :
Item Unit block Ca}isnté:on Alljlmg}um
ADC12
Jound's | (GPa) 72 110 90
Thermal
expansion | (x 10-%/K) 23 115 16
coefficient
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ABSTRACT

The research discussed in this paper demonstrated the
existence of a strong correlation between the anti-
oxidation performance of engine oil and the production
of sludge. Analysis of the deterioration mode of anti-
oxidation performance in component tests and engine
bench tests of engine oil indicated that the reaction
mechanisms causing engine oil deterioration could be
approximated by the superpositioning of zero- and first-
order reactions. The results of these tests also
demonstrated that heat, air, NOx and unburnt fuel are
major factors in the deterioration of anti-oxidation
performance. Detailed analysis resulted in the proposal
of a general equation for the deterioration of oil anti-
oxidation performance, which enabled the degree of
deterioration to be estimated.

Actual vehicle tests showed that the use of the
equation enabled accurate estimation of the deterioration
rate of anti-oxidation performance, indicating that the
method has potential for onboard use.

gooogd

goooooboobooobooooooooooooooon
goboboboooooooooooooooboobooooo
Lt poOoooO0o00ooOobOOoOooobobooooooobooDo
ooooOoOooooooooooooooogoremmed

gbobooooboboboooboobooooooboon
goboboooooooooobooooooooboooooo
gboboboooooooboboboboboboboooo
ooerm

gboboobobobobooooboobooooboooboon
gbooboobooooooooooobooboboboobo

gbobobooogo

https://doi.org/10.69239/hondatechnicalreview.2007 19 2 15

goooboobooboooooooboooooooooboobooo
gbobobobobooobooboobobobobooog
gooooooo
gboobooboobobobobobobooooooo
gooobobooooooooboooooooobooboooo
goooboobooooooooboobooooooboobooog
gbobobobooboooboooooobobobobo
gbobobobooboooboooobooobobobobo
goboooooobooobooboobooboobogon
gboboboboobooooooooobobobobo
goooboobooooooboboobooooooooobooooog
gbobobobobooooooooobobobobo

0 830



Honda R&D Technical Review

Vol.19 No.2 (October 2007)

gooooo

gboboboobooboobooboboooboooboon
googbooobooobooboooboooboobooboooboooon
ooooOooooOoooooOooooee=empooooon
gbobooooooobobobobooboobooobooon
gbobooooobooboboboboboboooboooo
gooooofgooo0o0oooo0oobooooDooo
gbobooooooobobobobobobooboooo
goboboooooooooooooooooboboobooooo
gboboooooobobobobobobooboooo
gobobobooooboooboobooboboboooo

gbobobooboobooboobobooobooboban
gobooooooooobobooooooboboobooooooo
goboooboooboboooboobooboooboooboooboooon
gobobooooooobobobobobobooooo
gooobooo

uoboooobooooooooobboon

21.00000000000000

Fig.10DOO0ODOOOODOOOOODOOOODO rROO
OOMRO"M ROOC OOOMmMROO"MOOOOOOO
gbobooooooobooboboboboboobooo
gooooOoOooooooooOoOoOooooooogoeem
trggo0o000o0ooO0o0oooooooooooooo
RO"0O RooO"O0OOOOOOOOOOODOOOOODODOO
gboooooobobobobobooboobbOROOH
O00000oOoOoOoOoOoOoOoOoRrROOHD OO ROPO ROO!
goboboboooooboobooboobooo

22.00000000000000
gobooobooboooobooboobboooboo

Base oil R-H
A
RO + ROO'O

- R
Peroxidel
decomposer

Auto-oxidation

Chaind
terminator

Inactiveld
substancel]

J—

Inactiveld
substancel]

ROO'O

Fig. 1 Mechanism of engine oil auto-oxidation and
terminal reaction

Table 1 Engine specification and test conditions

Engine specification Water-coo!ed 4-cylinder O
2.4L gasoline

Mode Medium speed mode
Antioxidants 0.2 wt%
Sec-ZnDTP 0.5 wt%

Engine oil formulation Detergents 3 wt%
Succinic imide 5 wt%
Base oil PAO
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ABSTRACT

This paper discusses the development of a system
enabling real-time measurements of combustion pressure
in an internal combustion engine, using a comparatively
low-cost polycrystalline piezoelectric element. Tests
conducted using a mass production vehicle showed that
by using the measured cylinder pressure, the status of
combustion could be measured across the entire range
of driving conditions, enabling misfires to be precisely
detected. To date, despite their comparatively low cost,
the use of piezoelectric elements in mass production
vehicles has represented a challenge, because the
temperature characteristics of the elements in the use
environment, age degradation, and other factors may
cause variations in output. This research therefore studied
the variation in sensor output in terms of each causal
factor. In addition, adaptive calculations were performed
to enable the identification of corrective parameters to
be used, to match the measured cylinder pressure to
estimated reference pressures for vehicle operation, thus
enabling stable cylinder pressures to be measured, even
if temperature characteristics change or the output
deteriorates.
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Table 1 Engine

specifications

Engine type V6
Displacement (cm3) 2997
Bore x stroke (mm) 86 x 86
Compression ratio 10.0
Valve train 24-valve
SOHC VTEC
Fuel Regular unleaded
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Temperature
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Enﬁine revolution —44% *
c

aracteristics 3000 rpm or more

Durability degradation 550000 mile -30% *
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Dynamic Simulation of Oil Pump Chain Using Link-by-link Method
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Simulation technology for predicting load on the oil
pump chain of engines with high accuracy was established.
In the development of this technology, attention was
focused on the ability to take into consideration the
centrifugal and inertial forces that occur in the chain, and
the ability to predict the chain load from the blade
tensioner, which undergoes large transversal vibration, to
the system, which uses a hydraulic tensioner. To this end,
a link-by-link model in which one link is replaced by one
mass and adjacent masses are joined to each other by a
spring was developed. As a result of this research, the
features of the oil pump chain system were clarified, and
the behavior of the oil pump chain, as well as the load on
it, were able to be predicted with a high degree of
accuracy.
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Table 1 General specifications of verified engine

Liquid-cooled 4-cylindert]

Engine type turbocharged engine

Displacement 2300 cm?®
Camshaft number 2
Intake: 200
Number of valves Exhaust 2
Valve system VTEC

Maximum torque 353 Nm /4500 rpm

179 kW / 6000 rpm
6.35-mm pitchO

silent chain with[J
blade tensioner

Maximum power

Balancer drive system
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ABSTRACT

To increase the accuracy of meshing analysis of the
external gear of the transmission, attention was focused
on mesh misalignment of the gear. A gear in an actual
vehicle is supported by a number of parts. An
appropriate fitting stiffness was assigned to the point of
contact between the gear and each support part, and a
misalignment theoretical prediction technology having
feasible accuracy and calculation times was constructed
using linear analysis. By applying misalignment created
using the method described in this paper to gear mesh
analysis, it was confirmed that there was good
correlation with the actual status of gear tooth flank
contact and damage prediction. Also, analysis on the
misalignment effect factors and their role in
misalignment was possible as well, which made efficient
reduction of misalignment possible.
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Simulation of Stress on Elements of Metal Pushing V-belt for CVT
under Transient Operating Conditions
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ABSTRACT

The metal pushing V-belt of a torque converter-
equipped CVT receives a sudden thrust load from the
pulleys when the CVT starts operation, and is required
to begin transmitting torque from a stationary state in a
very short time span. In the research discussed in this
paper, the stress history of the area around the element
neck under the transient conditions of CVT start-up was
studied using a technology enabling simultaneous
simulation of the dynamic behavior of the metal pushing
V-belt and stresses on the elements. The results of this
study indicated that the load on the V surface of the
element is the dominant factor in the generation of stress
on the element necks, and that bending stress generated
by the pushing force between the elements also acts on
the element necks. To confirm the accuracy of the
simulation, results were compared with the results of
tests conducted to determine the load distribution on the
element. The two sets of results demonstrated a good
qualitative correlation. This paper also discusses the
method employed to evaluate transient stress.
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ABSTRACT

To enhance the riding comfort of a motorcycle seat,
ariding comfort evaluation tester that can reproduce the
road vibration felt when the motorcycle is running was
designed and fabricated. The riding sensation felt by the
rider and the necessary seat vibration characteristics for
a motorcycle were determined, and methods were
established to enable evaluation of riding discomfort and
the dynamic stroke feeling (the motion of the seat
cushion, in response to impact from the road). In
addition, a 3D mesh cushion made of thermoplastic
elastomer, which has the reliable low-frequency vibration
characteristics necessary for a motorcycle, was
fabricated, and its riding comfort was compared to that
of a conventional urethane foam cushion. As a result, it
was clearly established that the 3D mesh cushion
provides superior dynamic stroke feeling and riding
comfort.
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Table 1 Vibration perception level on motorcycle

A: Insensitive to seat vibration
B: Sensitive to seat vibration

C: Indistinct seat vibration at resonating

1: Internal organ resonated
2: Upper body resonated
3: Head resonated

Frequency 12 Displacement| 5 | 410 | 220 | 30 | 40 | 50
0.5 A A A A A
1 A A B B B B
2 B B B B1 C
3 B B B c
4 BL | BL | BI c
5 BL | B2 c C
6 BL | c2 c
7 c2 | c2 c
8 c2 | c2
9 c3
10 c3
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Table 2 Evaluation scale for dynamic stroke feeling
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Table 3 Evaluation scale for dynamic comfort quality
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5 Very comfortable
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Table 4 Characteristics of vibration by test piece

; 3D mesh
Foam cushion cushion
Resonance frequency (Hz) 6.10 541
Magnification factor of
resonance 382 4.62
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Table 5 Verification results of dynamic stroke feeling
and discomfort evaluations in actual driving

Dynamic stroke feeling evaluation

Actual .
Expectancy measurement Residual
3D mesh cushion 4.2 4.0 0.2
Foam cushion 35 3.7 -0.2
Discomfort evaluation
Actual ;
Expectancy measurement Residual
3D mesh cushion 3.9 4.2 -0.3
Foam cushion 2.9 3.3 -0.4

* Displacement: bench mark is foam cushion
* Magnification factor S: bench mark is foam cushion
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ABSTRACT

Fusion images have been generated by combining
near infrared images of road areas and far infrared
images in order to reduce vehicle-pedestrian accidents at
night. In past studies, fusion images were generated by
combining the entire area of near infrared images and
far infrared images, which resulted in image information
unnecessary for pedestrian recognition being fused, such
as street illumination and the headlights of oncoming
vehicles. It might be achievable to enhance efficiency in
providing visual driving assistance by reducing these
influences. The current research applied gradation
processing to combine only the road area of near infrared
images and far infrared images, and generate partial
fusion images that primarily provide pedestrian and road
area information. The effectiveness of this type of fusion
image in providing visual assistance was compared to
that of other image types in a volunteer test. Increased
accuracy in identifying the location of pedestrians was
shown when the new images were employed.
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ABSTRACT

This paper reports the results of research on
increasing the fatigue strength of powder-forged
connecting rod materials.

The fatigue strength of powder-forged materials was
increased without adding special alloy elements or
lowering workability by adjusting the ratios of the
conventional main mixed powders (iron, carbon, copper)
and by controlling the sintering temperature conditions.
In addition to solid solution strengthening of the ferrite
using copper, reducing porosity, which is a material
internal defect, is also an effective method of increasing
fatigue strength. Reducing carbon content greatly
reduced the occurrence of defects in the forging stage.

The results of this research showed that the fatigue
strength of high strength powder-forged materials can be
increased by 30% or more over that of conventional
materials, resulting in powder-forged connecting rods to
be applied to even higher output and higher load engines
than before.
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Table 1 Chemical composition for fatigue strength of
connecting rod

(mass%)
cOd Culd MnSO
0.260 3.590 0.320
0.300 3.870 0.320
Development PFQ 0.350 4.270 0.320
0.200 3.000 0.320
0.130 3.420 0.460
0.130 4.5200 0.460
0.390 1.640 0.300
Current PFO 0.490 1.980 0.320
0.540 2.140 0.300
0.460 3.040 0.340
High C/Cul] 0.510 2.930 0.330
0.570 3.260 0.300

PF: Powder — forged rods

}A}jh C,Cu
Target of fatigue strengthd

(Hot forged rods) /

Currentyﬂ/j/

Development PF

@ Development PF connecting rod([]
O Current PF connecting rod
@ Added C,Cu connecting rod

Fatigue strength O
for actual connecting rod (MPa)

15 20 25 30 35
Hardness (HRC)

Fig. 15 Comparison of fatigue strength (tension and

compression / R = -1) between developed
connecting rods and current PF connecting
rods
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ABSTRACT

A method of analyzing the sound source
identification has been studied in an attempt to enhance
road noise performance. In order to reduce the cabin
noise level originating in mid-frequency structure-borne
noise, it is necessary to identify the sound radiating
panels that contribute to the sound pressure level. The
research discussed in this paper identified the sound
sources using the interior cavity sound pressure levels
under vehicle operational condition and the acoustic
transfer functions with a loudness speaker placed on the
each panel adjacent to the cavity on test bench. To
prevent the accuracy of source identification from being
affected by errors in measurements, the inverse matrices
of acoustic transfer functions was not employed. As a
result of the vehicle tests, it is verified that the method
enable to predict the reconstruct cabin noise level from
100 to 600 Hz with a reliable accuracy.
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Table 1 Definition of areas in passenger
compartment for measurement

ID Surface

1 FDL Front Door Left

2 FDR Front Door Right

3 RDL Rear Door Left

4 RDR Rear Door Right

5 | WSFL | Windscreen Front Left

6 | WSFR | Windscreen Front Right

7 PSL Parcel Shelf Left

8 PSR Parcel Shelf Right

9 IPL Instrument Panel Left
10 IPR Instrument Panel Right
11 FFL Front Floor Left (+Dash lower left)
12 FFR Front Floor Right (+Dash lower right)
13 | HLFT | Head Liner Front
14 | HLRR | Head Liner Rear
15 RFL Rear Floor Left (+Under Front Seat Left)
16 RFR Rear Floor Right (+Under Front Seat Right)
17 RSL Rear Seat Left
18 RSR Rear Seat Right

|
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Fig. 7 Comparison of reconstruction and measurement
(Rough rollers 44-56 km/h)
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Fig. 8 Comparison of reconstruction and measurement
(Smooth rollers 54-66 km/h)
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ABSTRACT

Tooth profile measurements were calibrated using a
double ball artifact that is traceable to a national standard
of length. From the calibrated results, an evaluation
technology that quantifies the uncertainty of tooth profile
measurement in a 1-to-1 correspondence with a tooth
profile of arbitrary specifications was established. In this
evaluation technology, the work of calibrating the
measuring machine has been minimized, and
measurement simulations have been made feasible by
modeling the statistical properties, as well as algebraic
calculation from the model during tooth profile
measurement, enabling the reliability of tooth profile
measurement to be statistically evaluated. As a result,
during tooth profile inspections on the manufacturing
floor, practical inspection accuracy is now guaranteed.
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Table 1 Specification of DBA
Name Material Thermal expansion coefficient [/K] Size [mm]
Base plate Clearceram-Z 0.8 x 10~ » 130
Steel ball Bearing steel 11.6 x 1078 Sp25.4
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Table 2 Setting condition for DBA measurement parameters

Parameter Set value Estimated value Unit
Module 7.7639 — mm
Number of teeth 12 — —
Radius of base circle 43.7741 — mm
o, 16.63802 16.63799 deg

e, 0 0.4 pm

Af [um]

&, [um]

Profile deviation [um]

20

—40 + — Measurement result 4
== = Theoretical curve

-60 I I I I I
0 5 10 15 20 25 30

Rolling angle [deg]

Fig. 4 Example of calibration measurement results

04, 5 10 15 20

Y-axis position [mm]

Fig. 5 Estimation result of Y-axis positioning error

0.4 I I I I I

0 5 10 15 20 25 30
Rolling angle [deg]

Fig. 6 Estimation result of tooth profile deviation
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Table 3 Sources of DBA uncertainty

Uncertainty sources Symbol Standard uncertainty Type of distribution Type
Length between two master spheres C 0.13 pm Normal B
Radius of master sphere re 60 nm Normal B
Thermal coefficient of DBA Opga 0.1 x 107/K Rectangular B
Temperature of DBA during measurement tosa 1K Rectangular A
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(a) Form deviation of master ball
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Fig. 7 Form deviation and autocorrelation of master ball on DBA
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Fig. 8 Uncertainty of DBA estimated from calibration certification of NMIJ (National Metrology Institute of Japan)
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ABSTRACT

With the aim of realizing a “user-friendly walking
assist system” to support the lifestyles of elderly persons,
a new assist control method was developed that
combines assist functionality for the user with system
weight compensation.

Different computational processing models were
developed for the user and the unit. A processing method
was proposed in which inverse dynamics analysis is used
to calculate the assist moment from user processing and
the system weight compensation from unit processing.
A floor reaction force for the system weight
compensation processing method was established to
allow system weight compensation control. A high
degree of stability in the vector orientation of the floor
reaction force for system weight compensation was
shown in tests. In addition, this method enables
estimation of the user’s floor reaction force vector by
applying the user’s dynamics model. Thus, it was shown
that there are good prospects for the realization of a user-
friendly walking assist system that does not employ floor
reaction force sensors in the system.
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