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ABSTRACT

Honda has been doing research on biped walking
humanoid robot as the challenge to a new field of
mobility. This time, we developed the “ASIMO” named
after Advanced Step in Innovative MObility. We
materialized it with overall height of 1200mm and
weight of 43kg, aiming for a useful robot which is
friendly to and compatible with the actual human living
enviroment. As for walking, we developed the free
walking technology including behavior prediction such
that a robot can change its walking motion freely and
smoothly without intermission.
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Fig.2 Life environment and working space

Stairs:
Public institution 180mm (max.)
Primary school ~ 160mm (max.)
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F 3
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Fig.3 Stairs

Table 1 Size of ASIMO/P3
ASIMO P3

Height (mm) 1200 1600

Width (mm) 450 600

Extend (mm) 440 555

Weight (kg) 43 130

3.2.00
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6 DOF x 2 legs = 12 DOF

Fig.5 Joint structure and DOF (Degree of Freedom)
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Workstation Start-up

Preprograming steps

—— Flexible walking operation

Forward & Reverse/sideways walking/
angular walking/turning in place/cornering

Portable controller

Movements from button
operation (gesticulations)

Recorded movements selected using buttons
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Fig.7 Operation system

Table 2 Specifications of ASIMO

Height 1200mm

Weight 43kg

Walking speed 0 ~ 1.6km/h

Walking cycle Cycle adjustable, Stride adjustable

Grasping force 0.5kg/hand (5-finger hand)

Actuator Servomotor + Harmonic speed reducer + Drive unit
Control unit Walk/Operating control unit, Wireless transmission unit
Sensors | Foot 6-Axis foot area sensor

Torso | Gyroscope & acceleration sensor

Power section 38.4V/10AH (Ni-NH)

Operating section| Workstation or handy controller
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ABSTRACT

The Honda humanoid robot “ASIMO” was
developed as a challenge for new mobility. We as
members of the automotive design division, took part of
the development team regarding styling design from the
early planning stages this time. Thisis a product in a
brand new category, which is not yet settled as a
business market. We listened to various opinions of
people inside and outside of the company which
influenced the design direction based on our unique
proposals. We used computer technologies for our work
as much as possible especially. In designing its dynamic
walking posture with many movable parts. Using
computer graphics this was simulated and made
compatible with its structure achieving high level
solutions. ASIMO has been designed to be more familiar
and friendly to the human perception and created a new
sense of value. This was achieved by using new
computer design technology together with the experience
of automotive and robot development for the first time.
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Fig.1 The Honda Humanoid Robots
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Fig.18 Digital design process

Fig.19 Dynamic robot design of walking
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Fig.24 Rapid prototyping (FDM)

Fig.25 Rapid prototyping (SLA)
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Fig. 3 View of 2001 year model lean-burn engine

Table 1 Engine specification
Engine code D15B
Cylinder configuration In-line 4-cylinder
Bore x stroke (mm) 75 x 84.5
Displacement (cm?®) 1493
Compression ratio 10.2:1
Valve train SOHC VTEC
Number of valves 4 per cylinder
. In. 30
Valve diameter (mm)
Ex. 26
Fuel supply system Programed fuel injection
Ignition system Programed ignition
Max. power (kW/rpm) 77 /5800
Max. torque (N-m/rpm) 139/4200
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ABSTRACT

The new front and rear suspensions have been
developed for new CIVIC to achieve the highly efficient
package layout and good vehicle dynamic performance.
The reduced front overhang of 60mm, high collision
safety target and linear front suspension toe curve are
achieved by adopting a strut suspension with steering
gearbox that mounted 250mm higher than usual strut
suspension. The increased rear luggage room width of
142mm and linear rear suspension toe curve is achieved
by adopting an in-wheel double wishbone suspension
with lowered rear damper position. By having those
suspension characteristics, the new CIVIC has much
improved handling and riding comfort performance over
the previous CIVIC.
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ABSTRACT

Mode driving operation is being automated using
automatic driving units (robots) with the aim of reducing
the number of man-hours needed for the measurement
of automobile exhaust gases. Particularly in high-altitude
exhaust gas emissions tests, automation using robots
offers significant advantages in terms of liberating
workers from a hard work environment.

This system makes it possible to fully automate all
work procedures by constructing automatic cooling fan
start/stop and automatic hood opening/closing systems,
which were issues for automation by robot driving under
high- altitude conditions. In addition, the same vehicle
speed trace accuracy relative to changes in atmospheric
pressure inside the test chamber as for driving with a
human driver was realized by using separate acceleration
parameters for low- and high-altitude conditions and
optimizing the control parameters. These improvements
made it possible to reduce the number of staff and time
required for tests and to eliminate tasks in hard work
environments.
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ABSTRACT

In motorcycle engines, according with increase in
size of the cylinder bore, backfires might become issues.
Up to now, it had been thought that the backfire is
caused by the extra ignition in top dead center at overlap
and the high temperature exhaust gas which flows
backward into combustion chamber when overlapping
during exhaust stroke. The pressure measurements inside
the combustion chamber, the inlet port and the exhaust
port, and the observation inside the combustion chamber
by the high speed CCD camera were conducted and it
was found that a slow burning cycle which is
continuously burning during exhaust stroke exists.
Further, it was confirmed that the fresh air-fuel mixture
at coming intake stroke ignited by the extremely slow
burning generates the backfire. This paper describes the
considerations of some factors which influence the
extremely slow burning cycle.

gooogd

gbobooooboobobobooomooomo
oboboobooooooobooboobobobooboooo
gooobooboboooooboooboooooooboooooo
ogboboobooooobobobobooooog

gbobooboboboboooboooooooooboan
obmobomooboboboboboboooog
goboobooobooobooobooboobooboon
oboboobooooooobooboobooboboboonog
goooobobobooooooboooooooboooooo
oboboobooooooobooboobobobobooo
gbobooboooobooobooboobobobobooo
ooooo

gobogo

ggooogn

21. 00000000

ODO0ODODOO0O0000 Table1t OOOODOODOO
OO000o0o0ooomoOooooomoessemOooon
gooooooooobobobobbbbbboboooooo
gooo

gobobobobobooboooooooooooboon
gbobooobooooobooboboboboboboooo
gbobooooooobooboboboboboboooo
goooooooboooooboooboooobbooonn
FigiOOOOOOOOOOOODOOOODOODOODOOO
gobood

gbobooboboboobooboooooooooboo

0410



Honda R&D Technical Review

Vol.13 No.1 (April 2001)

Table 1 Major specification of test engine A
Engine type 4-stroke V-90° twin cylinder
Cooling type Liquid-cooled
Bore x stroke 98 x 66
Compression ratio 9.4
Valve train DOHC 4-valve
Maximum power (kW/r/min) 77.3/9000
Maximum torque (Nm/r/min) 93.1/7000
Ignition timing 15° (BTDC)

. Throttle operation
Engine |¢ Air cylinder

Engine speed

A4

Control unit R .
Keyence » Electric valve
KV-16AT
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. AN N Y
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Fig.1 Backfire test device
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Table 2 Operation conditions

Item Operation conditions

Engine speed of

operation start (r/min) 1300, 1500, 1700, 2000, 2400

Throttle opening (%) | 5, 10, 15, 18, 20, 22, 30

0.14,0.17,0.18, 0.20

Operation time (sec)
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90.2

Note: Figures in the photos show the crank angle(deg).

Fig.13 Photographs of burning in cylinder
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Table 3 Major specification of test engine B

Engine type 4-stroke single cylinder
Cooling type Air-cooled

Bore x stroke 100 x 82
Compression ratio 8.3

Valve train SOHC 4-valve
Maximum power (kW/r/min) 28.1/5750
Maximum torque (Nm/r/min) 52.3 /4500
Ignition timing 8° (BTDC)

O Engine:A
A Engine'B

Backfire generation frequency (%)

Engine speed (r/min) | 1500 | 1500
Throttle opening (%) | 17.5 16
T1 (sec) 0.17 | 0.16

10 20 30 40
Extremely slow burning cycle generation
frequency (%)

Fig.15 Relation between extremely slow burning
cycle and backfire by different test engine
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Development of an On-Board System for the Simultaneous
Analysis of Tailpipe Exhaust and Ambient Air
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ABSTRACT

An on-board sampling and analysis system has been
developed, capable of measuring on-road emissions at
extremely low levels. Ambient air quality can also be
monitored and compared to tailpipe emission levels in
real time during actual roadway driving. This FTIR-
based system can measure several chemical species,
including HC, NOx, and CO. Hardware and software
were developed to facilitate the monitoring of target
species at concentration levels below 1ppm, in the harsh
environment of an on-road vehicle. Countermeasures
were required to mitigate or eliminate the effects of
chemical interferences and vehicle motion. Algorithms
were developed to calculate results on a mass basis (g/
mi), thereby allowing such data to be acquired in real-
world conditions outside a laboratory environment. This
system has been used in the development of near-zero-
emission vehicle technology; it has allowed instant
assessment of vehicle software tuning during actual
roadway driving. It is currently being used to determine
the true impact of various advanced-technology vehicle
classes upon the environment. In this capacity the
system is performing a dual role as an on-board analyzer
and also as a high-sensitivity ambient air monitoring
station.
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1. Introduction

1.1. Background

Tailpipe emission rates are commonly determined by
operating a vehicle on a chassis dynamometer under
strictly controlled, reproducible conditions. For example,
the US FTP-75 emission test cycle is used in California
to assign emission categories; i.e., LEV, ULEV, etc.
However, to achieve a more complete assessment of a
vehicle’s impact upon the environment, laboratory testing
must be augmented by evaluating real-world emission

0 O Honda R&D Americas, Inc.
Ooo0oOoooo

https://doi.org/10.69239/hondatechnicalreview.2001 13 1 7

performance. This had previously been attempted by
mounting bulky measurement equipment in a vehicle, or
by towing such equipment behind in a trailer. The
performance of the vehicle was thereby altered, and true
real-world emission data could not be collected.
Furthermore, instrument calibration and data reduction
were complicated, due to the use of several discrete
measurement devices, each with its own sample inlet,
data format, sampling rate, etc.

A new concept was therefore required to address
these issues. To this end, a relatively compact,

0490



Honda R&D Technical Review

Vol.13 No.1 (April 2001)

integrated on-board sampling/analysis system has been
developed. This system can measure the concentration
of several chemical species from the tailpipe exhaust and
ambient air simultaneously, while the vehicle is driven
on the highway. In addition, the system can be easily
modified to function as a stationary, highly sensitive air
monitoring station.

This system has been used in the development of
advanced low-emission vehicle technology, and to
confirm the robustness of such technology under varying
driving conditions on actual city roadways”. The data
from this on-board analysis system can also be used to
develop better estimates of advanced-technology
emission system inventories for use in air quality
simulation studies.

1.2. Objectives
Advancements in emission control technology have
led to the development of vehicles with progressively
lower tailpipe emission levels; in some cases, the
concentration of criteria pollutants approaches zero.
Therefore, the target for this project was set to these
“near-zero” concentration levels. These concentrations
are similar in magnitude to those encountered in ambient
air. The following requirements were placed upon the
development of this system:
e Target components = NMHC, NO,, and CO
e Limit of detection (LOD) near 0.1 ppm, with acceptable
accuracy and precision
e  Minimal weight burden on vehicle
*  Robust and verifiable
* Integrated system with real-time data acquisition and
display

1.3. Choice of analytic technique

Given the requirements above, it was decided to use
Fourier Transform Infrared Spectroscopy (FTIR) as the
basis for this on-road analyzer. Acquiring data with a
single system would facilitate synchronization with
engine parameter data (simultaneously recorded on a
separate computer). Fieldwork logistics would be
simplified because an FTIR requires no daily calibration
per se. As an added benefit for future research, FTIR
data can be re-processed to reveal concentration data of
other components. (This is possible because the
spectrum recorded by the FTIR contains concentration
information for all infrared-sensitive components.)
However, the use of this technique presented some
special challenges:
*  Spectral interference (primarily from H,0 and CO,)
*  Signal-to-noise ratio affected by external vibration and

instrument orientation
e Demanding accuracy and LOD requirements
e Response time

Other single-system approaches that were considered
for this project included non-dispersive IR, high-
resolution mass spectrometry, and gas chromatography
- mass spectrometry. These were rejected due to
sensitivity, size, and response time considerations,
respectively.

2. Experimental

2.1. System overview

The initial test platform chosen for this project was
a prototype Honda ZLEV (Zero Level Emission
Vehicle). The exhaust emissions from this gasoline-
powered vehicle are less than 1/10 ULEV levels®. An
overview of the sampling and measurement systems is
shown in Figure 1. Intake air was sampled from the
front of the vehicle, and an exhaust sample was taken
via a heated line inserted into the tailpipe. The samples
were drawn through a water-removal system by a dual-
head pump, and then directly into the gas cells of twin
FTIR spectrometers. System power was supplied
through a DC-AC inverter from three nickel-metal
hydride battery cells. Results were processed by two
networked 400 MHz computers, and combined onto a
single touch-screen flat panel display.

2.2. FTIR principles

In infrared gas analysis, IR light is passed through a
sample in a gas cell. Some of the infrared light is
absorbed by the sample and some is passed through.
The measurement of these absorbed and transmitted
wavelengths of infrared light constitute an infrared
spectrum; see Figure 2. Since no two chemical species
have the same infrared spectrum, the spectrum serves as
a fingerprint for identifying different gas components in
the sample. The intensity of the infrared absorption
indicates the quantity of the component in the sample.

Unlike dispersive IR spectrometers, an FTIR
instrument can acquire an entire spectrum in less than
one second; i.e., it can record all frequencies
simultaneously in this time. FTIR uses an interferometer
with a moving mirror to modulate the light by phase,
producing an interferogram. This interferogram is then
Fourier transformed, thereby producing the sample
infrared spectrum in frequency or wavenumbers (cm™).

The infrared spectra were analyzed using a ‘“classical”
least squares (CLS) pattern recognition algorithm®. This
data reduction technique compares spectra of reference
gases to sample spectra, determining a degree of fit of
the reference gas spectra to the sample spectrum. The
degree of fit is then reported as a concentration.

2.3. Gas cell

One of the key components of an FTIR system is the
gas cell. The sensitivity of the instrument is directly
proportional to the amount of sample that is exposed to
the infrared beam. FTIR gas cells typically use the
White optical design, in which multiple internal
reflections occur. The cell is classified based upon the
total “path length” of these reflections. For example, the
gas cell chosen for this work was less than 50cm in
length, yet had a path length of 10m.

Initially, a 2m path length gas cell was evaluated for
this application, due to its favorable size and weight
characteristics. It quickly became clear that the 2-meter
cell would not achieve the target noise level, and
therefore the required LOD could not be attained.
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Fig.2 Principle of infrared spectroscopy

Acceptable results were obtained upon switching to a 10-
meter cell; Figure 3 shows the improvement in
sensitivity. The strong infrared absorption bands from
(exhaust) water became a problem with the increase in
path length, as discussed later in this paper. The longer
sample mixing time resulting from the 10m cell’s larger
internal volume was also of some concern, but the final
system provided adequate temporal resolution. The 10m
cells can clearly be seen in Figure 1b.

2.4. Calibration

The initial calibration of an FTIR gas analyzer is
performed similarly to that for a non-dispersive infrared
or a chemiluminescent analyzer. In this case, spectra of
single-component reference gases (in a nitrogen matrix)
were acquired, and the resulting patterns used in a CLS
spectral data analysis. The absorbance response of a
reference gas coupled with its concentration determined
the calibration. A sequence of concentration steps was
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Fig.3 Effect of gas cell path length upon
measurement precision

added in order to calculate a non-linear correction, when
necessary.

A different approach was required for the calibration
of the non-methane hydrocarbon component. Instead of
using reference spectra for the individual hydrocarbon
species, it was desirable to use a spectrum of a
representative mixture of hydrocarbons as the reference
gas in the CLS data analysis. The mixture used to
calibrate the FTIR analyzer was a bag sample of engine
exhaust from a prototype ULEV sampled during the first
30 seconds after a cold start. A concentration for the
non-methane hydrocarbon component in the bag sample
was assigned using careful bench FID and gas
chromatography analyses.

2.5. Sample treatment

Exhaust gas from gasoline-powered internal
combustion engines contains roughly 10 to 15 mole%
CO, and H,0. Both pose interference challenges for the
FTIR analysis. Dilution was never considered; the
resulting sensitivity loss would have been unacceptable
for this project. The CO, problem was mitigated by the
careful choice of analytic regions in the spectra, aided
by the 0.5 cm™ spectral resolution. However, the H,O
spectral features proved too pervasive (Figure 4); a
similar countermeasure was precluded. Consequently,

Absorbance

3000 2000 1000
Wavenumber cm-?

Fig.4 Effect of water upon exhaust spectrum
Note that water occludes the spectra of
many target species

various techniques were tried to remove the water from
both the ambient and tailpipe samples. A technique
using an ice-chilled aluminum heat exchanger, water
trap, and desiccants efficiently removed the water. As
expected, NO, was unfortunately removed with equal
efficiency. Studies with NO, CO, and C,H, (propane)
indicated no loss in this water-removal system. Since
actual exhaust gas contains virtually no propane, a 15-
component hydrocarbon mixture was also tested.
Analysis by gas chromatography® revealed that
substantial hydrocarbon losses were occurring as early
as C,, necessitating the search for a different drying
technology. (Data are shown later.)

A drying system based on the polymer Nafion® was
assembled for evaluation. Nafion has a Teflon®
backbone, with periodic side chains of perflourated ether
terminating in a sulfonic acid group. These acid groups
form “ionic channels” that extend through the walls of
the Nafion tubing. Each sulfonic acid group can absorb
up to 13 molecules of water. Assuming the partial
pressure of water in the sample exceeds that external to
the Nafion tube, water molecules will travel along the
ionic channels and be released outside the tubing. This
mechanism is selective for water; the only (potential)
exhaust species that could experience some loss are
alcohols, ketones, and ammonia.

For this application, multi-tube Nafion dryers
manufactured by Perma Pure Incorporated were selected
for use, after comparison to a single-tube configuration.
This dryer consisted of a bundle of 0.76mm (OD) Nafion
tubes contained within an aluminum shell. Fittings near
each end of the shell permitted a purge gas to flow
countercurrent to the sample; Figure 5. Two dryers in
series were used for both of the sampling systems.

The exhaust sample was heated (70°C) from the
tailpipe through half of the first dryer. There were two
reasons for this: (1) the interaction of liquid water with
Nafion is endothermic, and leads to a cascade failure
reaction. Therefore the exhaust gas must be kept above
the dew point temperature until most of the water has
been removed. (2) The initial water absorption and
transport by Nafion proceed as a First Order Kinetic
reaction, in which absorption becomes more rapid with
increasing temperature®.

DRY
PURGE

INLET

— —
WET DRY
SAMPLE | SAMPLE
INLET OUTLET
WET :
Naf H
PURGE * afion tubes Header
OUTLET

View with Nafion tubes
partially removed

Fig.5 Concept of Nafion-based sample drying
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The second dryer for each sample stream was
blanketed with ice water. The purpose here was to coax
more of the retained water from the sulfonic acid groups,
since this residual water becomes the limiting factor after
the initial First Order reaction. Leckrone, et al, have

recently quantified this effect®.

The ultimate performance of the Nafion dryers is
dependent upon the partial pressure of water in the purge
gas. Dry nitrogen was considered for this application,
but the weight and safety ramifications of carrying a
compressed gas on board a passenger vehicle precluded

equivalent to a 99.9% reduction.

this choice. Ambient air would normally have an aromatic.

insufficient dew point for this application.
good results were obtained by pulling ambient air
through a specially constructed dehydrating system with
a vacuum pump. The resulting negative pressure in the
dryer shell lowered the partial pressure of the water in
the treated ambient purge gas to an acceptable level.
The water content of the exhaust gas sample was

However,

100%

80%

T

\

\

§ 60% ~— species. (The data have been corrected for the effect of
8 \ dilution, and propane was omitted due to contamination.)
S 40% 1~ loe baihw2desiccants Figure 7b indicates the same good recovery
\ performance for CO and NO. It is important to note in
20% 1 — ice bath-new design this figure that the FTIR system was used to measure
— Nafion \\7 the recovery. Therefore, these results also demonstrate
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P N4 encountered in vehicle exhaust. This level of accuracy

Fig.6 Comparison of drying system performance,
in terms of hydrocarbon recovery.
(Gas chromatography data)

was attained despite the presence of CO, and H,O in the
sample gases, indicating that interference from these

compounds had successfully been avoided.

decreased to below 100ppm using this technique,

A comparison of the Nafion-based dryer performance
with that of previous dryer versions can be seen in
Figure 6. The 15-component hydrocarbon mixture was
passed through a given drying system at 7 L/min, and
collected into Tedlar® bags. These bags were
subsequently analyzed on a gas chromatograph, and the
resulting concentrations compared to the label values.
The Nafion system produced acceptable results for all
components, with only a slight (4%) loss for a C,

A more severe test of the drying system was
performed?”, in which CO, (11.5%) and H,O vapor
(10%) were injected into the reference gas streams. As
previously noted, these compounds are a potential source
of interference for FTIR, and are present in exhaust gas
at approximately these concentration levels. In addition
to the 15-component hydrocarbon mixture, CO and NO
reference gasses were used for this study. The gas
chromatography results shown in Figure 7a indicate
good recovery for the individual hydrocarbons in the
mixture; even when the sample matrix includes CO, and
H,O, there was no preferential loss of hydrocarbon

(a) Individual hydrocarbons

Fig.7 Component recovery through final version of drying system
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(b) Recovery as
measured by
FTIR system

Sample injected with CO, and H,O.
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2.6. System environment

FTIR instrumentation is basically designed for use on
a vibration-free laboratory bench in a controlled
environment. Relocating such instrumentation to the
interior of a passenger vehicle is challenging, given the
unpredictable dynamics resulting from road surface
irregularities and vehicle motion. One of the initial
concerns was the effect of the vehicle acceleration force
vector upon the interferometer (moving mirror)
component of the FTIR. Nicolet suggested that this
force should be perpendicular to the motion of the
mirror; (Figure 8). This configuration did in fact prove
to be best, although the mirror was still subjected to
coaxial forces during vehicle turning maneuvers.

The main area of concern was the unpredictable
mechanical vibration and shock transmitted to the FTIR
as the vehicle encountered imperfections in the road
surface. An attempt was made to characterize these
forces through the use of an accelerometer, but the test
results only confirmed our prediction that the vibration
frequencies varied widely. Several studies were
performed involving dampening systems, changes in
FTIR location, etc. The final conclusion was that the

Motion of moving mirror

Interferometer

?

IR Source

s
[

Acceleration and deceleration forces

r
L 1

Detector

Fig.8 Overhead view of FTIR interior

FTIRs were best isolated by simply placing them on the
rear seat of the vehicle. As an added benefit, placing
the FTIRs side-by-side on the rear seat exposed them to
an identical environment, and the instrument electronics
could be kept within the specified temperature range.

Finally, each FTIR received some internal
modifications; refer to Figure 8. For example, the laser
and IR source were secured more firmly to prevent
movement.

3. Results and Discussion

3.1. System specifications

The final system specifications were as follows.
Information is shown for a single sampling/analysis
system.

Analytic system

FTIR base unit :  Nicolet model Protégé™ 460

Detector : MCT, LN, cooled
Spectral resolution : 0.5 cm
Gas cell : 10m path

Sample conditions :
Sample flow rate :
Scans/sample :
Drying system
Nafion dryer :
Purge gas :

70°C, 93kPa (absolute)
12 L/min (max)
2 complete

0.76mm (OD) tube bundle
dehydrated ambient air under
negative pressure

3.2. System validation

In addition to the previously mentioned accuracy
confirmation, numerous other validation studies were
performed. A typical example can be seen in Figure
9. In this case, sensitive bench instruments in use as
ambient air analyzers were used for reference. Actual
exhaust gas samples were analyzed in addition to
reference gases. In the case of the reference gases, the
on-board FTIR results were also compared to the gas
cylinder label concentrations. To prepare the exhaust
samples, a ZLEV-class vehicle was started under cold
conditions, while a slipstream of undiluted exhaust gas
was pumped into a large Tedlar bag. As can be seen in
Figure 9, the FTIR system compared very favorably
with the bench analyzers for the exhaust samples and gas
mixtures.

CO NO NMHC
BmOn-Board FTIR mBench NDIR ® Label mOn-Board FTIR mBench Chemilum. m Label B On-Board FTIR mBench FID mLabel
30 10 12
25 Bag samples| Reference gases Bag samples | Reference gases 10 Bag samples  |Reference gases
1 8
20 1 1
IS £ 6 (&) 8
g 151 I3 E 61
o 4 g
10 1 41
- — | .
0+ T T 0 A 0
ZLEV #1 ZLEV#2 StdC Std A ZLEV#1 ZLEV#2 StdD StdE StdA ZLEV#1 ZLEV#2 StdC Std A

Fig.9 Comparison of on-board analyzer and bench instrumentation
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3.3. On-road results

Following an on-road test program in Los Angeles,
the system was sent to Japan to evaluate its performance
in the Tokyo area. A representative example from the
Tokyo testing is shown in Figure 10. Roadway
(ambient) pollutant concentrations were found to be
roughly similar to those measured in the Los Angeles
area. Traffic conditions were typically stop-and-go,
alternating with cruise periods.

During the course of testing, severe conditions were
sometimes encountered in which the roadway pollutant
concentrations of CO and NMHC were an order of
magnitude greater than those shown in Figure 10. Long
tunnels in the Tokyo area and highly congested traffic
near Detroit are examples of these conditions. As can
be seen in Figure 11, the ZLEV test platform was
unaffected by this severe ambient air quality.

The data shown in Figures 10 and 11 are not
smoothed, other than two-scan averaging performed by
the FTIRs. This produced an approximate two-second
sampling rate for this data set. The detection limit for
all target compounds was approximately 0.1 ppm for
such on-road testing. For this road test, NO, remained
below the detection limit for both sample streams; the
observed NO, concentrations resulted from NO alone. In
the rare cases where NO, concentrations over 5 ppm
were measured in the ambient sample during road tests,
NO, was found to contribute approximately 20% to the
total NO, value. This ratio is similar to that expected
in diesel vehicle exhaust®.

3.4. Off-road measurement of ambient air

As part of a cooperative research program with the
University of Riverside, a project was initiated which
required the measurement of ambient air quality at
various sites in the Los Angeles area. The on-board
FTIR system was recruited for this work. In this case,
the system was optimized for stationary, ambient-only
measurement, and was installed into a Honda Odyssey
van. The Odyssey’s GPS-based navigation system was
used to record the location of each test site. The ambient
measurements were made in areas away from the
roadway, where pollutant concentrations had become
equilibrated and/or mixed. This permitted the collected

case 15-second averages were performed before the data
point was recorded. These longer sampling intervals in
a non-moving platform allowed for excellent signal-to-
noise ratios, with a corresponding decrease in the limit
of detection. Figure 12 indicates that even challenging
species such as NO, (NO and NO,) could be clearly
measured in sub-ppm concentrations. (The variance in
NO observed in this figure is due to actual changes in
ambient concentrations.) Subsequent calibration work
performed with reference gases demonstrated that NO
could be measured well below 0.1 ppm under these
conditions.

170 — CO, ZLEV Exhaust N
150 — NMHC, ZLEV Exhaust -

130 b
— NMHC, Intake (ambient) _|

90

-
—_
o

ppm or ppmC

\
50 ‘ l

30 i i
10 ‘ IHLHII Iy rJ |
N7 & LTS R W VW

Time 60 min.

Fig.11  Detroit on-road test results, severe traffic congestion
ZLEV with on-board analyzer

0.91 —NO, Nitrogen Oxide _Ambient Air
0.8 . —NO2, Nitrogen Dioxide
0.7
0.6 Ja
I N— AV AL
Boal VA /L \NT ]
03 SV \
0.2 \
0 \

2 4 6 8 10 12 14 16 18 20
Time (minutes)

Switch to nitrogen
(zero gas)

Fig.12 Real-time ambient air measurement
Shopping mall parking area, Azuza,

FTIR spectra to be averaged over a longer period; in this California
CO NOx NMHC
30 30 30
28 —ZLEV Exhaust -| 28 —ZLEV Exhaust 4 28 —ZLEV Exhaust
gi — Intake (ambient) ]| gﬁ — Intake (ambient) 7 gi — Intake (ambient) ]
22 - 22
g 1 i
|
N i Eia
12 Ll 12
T
10 —h 10
! I 1
A I O I ———
o LURL AP, o, T TR L e & ol . |
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Fig.10 Tokyo on-road test results. ZLEV with on-board analyzer
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3.5. Calculation of mass-based results

All data discussed to this point have been in terms
of concentration, (e.g. ppm). If the tailpipe flow rate
were known, the concentration data could be converted
to mass results, (e.g., grams), by the following equation:

M =D [CixV;dt

Where, for each component:

M = cumulative mass

D = density

C, = concentration at time t

V., = volumetric flow rate at time t

In reality, the conversion to mass-based results is
somewhat more complex. In addition to the flow rate,
sample delay time and instrument response
characteristics must be considered. These steps are
outlined below.

Flow rate determination. Measuring the tailpipe flow
rate on a moving vehicle is a challenge. The concept
of add-on flow measurement devices was discarded for
this work, due to accuracy and size considerations.
Instead, an estimate of the flow rate was determined by
using data from the vehicle’s ECU (engine control unit)
to calculate the fuel usage rate. Examples of data
extracted from the ECU for this purpose included fuel
injector pulse duration, engine speed, and air/fuel ratio.
Given that vehicle constants (such as exhaust system
dimensions) and fuel composition were known, a
sufficiently accurate estimate of the tailpipe flow rate
could be calculated. Comparison with external methods
of flow measurement, such as the CO2 tracer technique,
confirmed the accuracy of this method.

Sample delay time. The next step was to align this
flow measurement with the FTIR’s concentration
measurement. The delay time between the sampling
point and the instrument was determined experimentally
with pulsed injection of reference gases. The previous
equation was modified to include this delay time,
designated 0:

M =D [ Cprgx V;dt

Instrument response. The FTIR gas cell has a
volume of 2L, and the sample flow rate is about 6 to
12 L/min with this system. Therefore, the concentration
data resulting from fast changes in pollutant
concentrations will appear somewhat smoothed, due to
this relatively slow response time. To address this
response characteristic, the data were processed using a
“well-mixed flow cell” model; see Figure 13. The final
equation shown in this figure was utilized to estimate the
actual inlet concentration of the FTIR gas cell prior to
mixing. The effect of the delay time and instrument
response correction can be seen in Figure 14, in which
a very good comparison has been achieved with
dynamometer output during an FTP cycle.

Comparison with dynamometer CVS results. As a
final validation of the techniques described above, testing
was performed at UC-Riverside in which the FTIR

q, Cin

q,C

Where:
q = flow rate through cell
V = cell volume
T = residence time = V/q
Cin = input concentration
C = cell concentration

Mass Balance:
M = CV = mass in cell
dM/dt = qCin - qC
d(CV)/dt =qCin - qC
(V/q) xdC/dt=Cin - C
txdC/dt=Cin - C

Cm =C + tx dC/dt

Fig.13 FTIR gas cell mixing model;
Determination of input concentration

200

------- Raw FTIR NO
175 —— Processed FTIR NO—
150 —— Dyno Bench NOx

—
n
o

NO, NOx (ppm)
)
o

75

50 /

s LA

15:52 15:53 15:54 15:55 1556

Time

Fig.14 Comparison of on-board FTIR system with
dynamometer bench analyzer during FTP
Vehicle = ZLEV

system was run concurrent with standard dynamometer
methods over various cycles. To ensure that sufficient
pollutant concentration were produced to facilitate this
comparison, the FTIR system was moved from the
ZLEV platform into an LEV Accord. Figure 15 shows
the results from the third phase of a Unified test cycle,
(similar to an FTP cycle). These data represent the
average of three separate runs. The grams/mile of CO,
NO,, and NMHC were in good agreement between the
FTIR-based system and the UCR CVS system. Results
from CO, and CH, (not shown) were also good. This
was generally the case for all of the test cycles and
phases, although NMHC results were occasionally in
relatively poor agreement. The FTIR calibration was
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| ™ FTIR system
H Dyno CVS

N Wb OO N 0 ©

—_
4

o

NMHC mg/mi

NOx g/mi x 100 COx g/mi x 10

Fig.15 Mass-based comparison of on-board FTIR
system with dynamometer CVS.
LEV vehicle, 3 phase of Unified Cycle.

subsequently confirmed over the range of concentrations
encountered during these tests. Therefore, the deviation
was likely attributable to another source, such as CVS
contamination.

4. Conclusion

An on-board analyzer system has been developed,
capable of measuring exhaust species from advanced-
technology vehicles in real time. Accuracy was
validated through laboratory studies, and overall
performance was confirmed through on-road data
collection.

Therefore, it is now possible to measure exhaust and
ambient species in units of grams/mile during actual
highway driving, with accuracy equivalent to that of
dynamometer CVS data. Several chemical species can
be measured simultaneously, in addition to the standard
criteria pollutants. Some examples of new technologies
and techniques developed during this project :

*  Various techniques associated with the installation of a
complex sampling/analysis system into a passenger
vehicle, including electricity management and vibration
mitigation.

* Analytic methods that attenuate FTIR spectral
interference, including a unique calibration method for
NMHC.

* A new sample treatment technique. The water content
of exhaust gas can be reduced by 99.9%, with no loss
of criteria pollutants.

e Custom software for real-time, simultaneous display of
tailpipe and ambient data.

e Algorithms allowing the calculation of mass-based
results.

This on-board analyzer is now in use as a
development tool for advanced emission-control systems.
It has also proven effective as a mobile air quality
monitoring station.
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ABSTRACT

A technique that uses velocity, pressure, and other
such parameters has been developed as common factors
in flow analysis and acoustic analysis for predictive
modeling of the effect that changing cold end parts in
the exhaust system will have on engine output and
exhaust discharge noise. One-dimensional compressible
fluid analysis is used to predict engine output, and a
value derived by steady flow analysis is used with the
three-dimensional finite volume method (FVM) to
introduce the value for effective flow area, which is one
of the parameters. Exhaust discharge noise was clearly
defined as the aggregate of pulsating noise and flow-
generated noise. The pulsating noise was predicted by
the application of acoustic analysis using the three-
dimensional finite element method (FEM). For the FEM
inlet boundary condition, precision verification was
carried out using both pressure fluctuation values derived
by compressible fluid analysis and measured values from
an actual vehicle, while velocity derivable by steady flow
analysis were introduced as a parameter for flow-
generated noise prediction. As a result, it was possible
to predict the variations of engine output caused by
changes in the exhaust system with an accuracy of +2%,
and to predict exhaust discharge noise within +2 dB.
This has made it possible to optimize muffler design by
implementing three-dimensional CAD modeling to
evaluate parts performance from the initial layout study
stage.
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Air Quality and Emission Control Strategy Evaluation
Software BRIDGE PROGRAM
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David DEWITT? Yoshiaki MATSUZONQO""

ABSTRACT

An original software tool, BRIDGE PROGRAM, has
been developed to simplify the evaluation of emission
control strategies for improving air quality. It is
particularly effective for in-house evaluation of emission
inventory reductions and air quality impacts as a result
of introducing innovative, low emission technologies.
The software uses a Relational Database Management
System (RDBMS) to manage and modify the large
emission data sets that characterize specific regions.
Mobile, stationary, and biogenic emission rates can be
scaled up or down, individually or by groups of source
categories. The software automatically generates
compatible files of gridded emissions for photochemical
models used by regulatory agencies. This software has
been used to modify emission inventories in regions of
the United States and Japan. This paper describes the
methodology and utility of the new software.
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1. Introduction

There is a growing interest around the world for
regions with poor air quality to search for pollution
control strategies that will reduce emission inventories
and achieve healthful air. These regions, typically urban
or influenced by nearby urban emissions, have emission
inventories that are dominated by mobile sources. As a
result, strict regulations have been directed toward the
drastic reduction of mobile emissions, particularly light-
duty vehicles (LDV). Using the emission inventory of
California’s South Coast Air Basin (SCAB) as an
example, reductions of roughly 80% total organics gases
and 60% oxides of nitrogen are required to attain the
National Ambient Air Quality Standard (NAAQS) for
ozone. These are enormous reductions that will require
implementing a host of clean technology solutions across
all industries, not just from the mobile sector.

0 O Honda R&D Americas, Inc.
Ooo0oOoooo

https://doi.org/10.69239/hondatechnicalreview.2001 13 1 9

Honda has responded to the strict regulations by
researching and developing many clean technologies,
including clean gasoline powered vehicles, alternative
fueled vehicles such as natural gas and pure electric
vehicles, as well as fuel cell vehicles. Until now, Honda
has lacked the internal capability to evaluate the air
quality impacts of the most promising clean technologies
introductions. It would be advantageous to have the in-
house ability to evaluate the emission and air quality
benefits of these vehicles before or during the early
research phase. This capability would provide insight
for determining the most effective direction for
development or future research. This type of early
indication of emission benefit could also be valuable for
scientific discussions with regulatory agencies or other
interested groups.

Mathematical models are commonly used to describe
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the chemical and physical processes within the
atmosphere during the assessment of emission reductions
on regional air quality”. These models require
comprehensive meteorological and emissions data that
are spatially and temporally allocated. To accurately
represent an emission control strategy, baseline emission
data should be modified at the disaggregate level.

An effective software system, BRIDGE PROGRAM,
has been established to “bridge” the gaps between
agency-supplied emissions data, emission control
strategies, and advanced photochemical air quality
models. The methodology is based on applying control
factors to the baseline emission contributions of carbon
monoxide (CO), oxides of nitrogen (NOx), sulfur oxides
(SOx), total organic gases (TOG), and particulate matter
(PM). The emission rates from individual or groups of
emitting source classes can be scaled up or down to
represent the target emission rates. The hourly gridded
emission files required for photochemical models are
automatically generated.

The system described in this paper has the structure
to activate a sophisticated mechanism for designing
emission control strategies for not only the transportation
industry but for other industries as well. This software
tool can assist in finding the technology combinations
to clean our air.

2. Description of the Evaluation Model System

The system design for applying a relational database
management system (RDBMS) to evaluate air quality
emission control strategies is shown in Fig. 1. All of
the input and output data flow is conducted through the
RDBMS. Air quality data, chemical mechanisms, and
baseline emissions of mobile, stationary, and biogenic
sources are loaded into the database. Tables are created
to store the data and links are established to form
relationships. A control strategy Graphical User
Interface (GUI) allows novice users to communicate with
the database and easily modify any emission source type.

Air Quality Data

Baseline Emissions

Chemical Mechanisms
—_———r Y

| Relational Database | Custom
Management System | Reports
| L/
Control | |
Strategy | i |
Interface | Linked L,
I Tables | o
| | Gridded Air Quality
| | Emission  Models
b I Files * UAM
*CIT

Fig.1 The system design and data flow

The database can be interrogated directly with Structured
Query Language (SQL) scripts to extract information and
return custom reports for inventory analysis®. The
hourly gridded emission files required by regulatory and
research photochemical models, specifically the Urban
Airshed Model® (UAM CB-1V) and the California
Institute of Technology Model®: ® (CIT), are
automatically generated.

It was important to select a commercially available
RDBMS that could be easily adapted and widely used®.
Oracle8 was selected although early development was
concurrently performed in Microsoft SQL Server. The
RDBMS has the capability to easily manipulate, display,
and analyze large and diverse data sets.

3. Mechanism to Identify Source Types

Reflecting the introduction of a new technology or a
proposed regulatory standard into an emission inventory
requires the ability to identify the appropriate source
types for modification. The Source Classification Code
(SCC) was selected as the mechanism to identify source
types. The U.S. Environmental Protection Agency,
California Air Resources Board (CARB), and the South
Coast Air Quality Management District (SCAQMD)
support the SCC usage. Many countries interested in
improving air quality look to these agencies for
guidance. The SCC is an 8-digit code divided into four
parts (X-XX-XXX-XX), which correspond to the four
hierarchical levels of source description as illustrated in
Fig. 2. Specifying a full 8-digit code uses all four levels
and completely describes a particular source type. Not
specifying the deeper levels will lead to increased
groupings of industries and eventually will describe the
most general categories.

X - XX - XXX - XX

General Major Product, Particular
Category Industry  Material, Emitting
or Fuel Process

Used

External Combustion Boiler

Internal Combustion Engine

Industrial Processes

Petroleum / Solvent Evap

Waste Disposal
MACT Sources
California Codes (1-99999)

30609903 - Petrol Indry, Refng, Natural Gas, Incinerator

Fig.2 The structure and tree diagram representation
of the eight-digit, four-tier Source Classification
Code

All of the emission entries in the database are
obtained from local and government agencies and
contain key fields for values of SCC, CO, NOx, SOx,
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TOG, and PM?. The SCC provided a logical means to
apply control factors across entire industries or specific
processes, which realistically simulates the
implementation of a new regulation or technology.
Several of the tables created in the RDBMS include a
common column, like the SCC column. These types of
recurring columns weave relationships throughout the
RDBMS®. Countries or regions that have not yet
assembled or are beginning to assemble an emission
inventory can adopt the SCC or design a suitable source
identification scheme®- %, Consultants or “think tank”
groups may be utilized as an alternative means of
generating emission inventory estimates in countries
where this type of data is not publicly disclosed.

4. Designing an Emission Control Strategy

An emission control strategy is a plan to reduce the
emissions from targeted source types in order to attain
a desired emission inventory level, typically described
in units of tons/day. Usually the inventory goals are set
to achieve air quality standards, like ozone attainment.
Designing an effective control strategy typically requires
an understanding of the relative emission contributions
from the various active sources within a region. The
powerful tools accompanying a relational database allow
the user to query the enormous emission data files. Ad
hoc queries can be rapidly scripted and refined for
successive interrogation of the database. Information can
be extracted to expose leading candidate sources for
emission reduction. Knowledge of reactivity and ozone
forming potential are insightful for choosing some
sources over others but is not mandatory because this
information is incorporated into the photochemical
models. These mathematical models describe the
chemical and physical processes within the atmosphere
and predict the pollutant concentrations, which can be
plotted and animated for easier comprehension.

A GUI was created to simplify the most common
tasks during the process of modifying an emission
inventory. GUIs are valuable tools to facilitate
communication between the database and non-expert
users. Experts can always communicate with the
database directly by using SQL. Fig. 3 shows the
general GUI for selecting an episode date, defining the
spatial and temporal range, and choosing the appropriate
format for the gridded emission files as required by air
quality models.

The domain size can be customized to represent the
region of interest as shown by the GUI in Fig. 4.
Offsets are available to align the corner of the inventory
data so it coincides with the domain representation of
the ensuing photochemical air quality model. This is a
particularly useful feature when studying new regions.

The SCC button in Fig. 3 will launch the SCC GUI
shown in Fig. 5. The left-hand column of Fig. 5
contains the entire list of over 2000 unique SCCs. This

\==Bridge Query
Connection Information
Data Source Mame: Usemame: Password
|[None] 3 Fl'dge | “““““““
Emissions Madel
’7 Grid: = CIT | UAM " Other... ‘
i~ Query Information

oot I_jI—J [

i~ Output
Filenarne: ﬁgc \Output\Honda_Technology
Fila Type: ' Unis & PC | MAC ™ Wida format
Elapsed time: 00:00:00 p
Estinatedlime recuret 10:55:41 Dy | Bt |
[Feady [7/18/9911:37.24 FM

Fig.3 The general GUI simplifies common tasks

. Emissions Grid Options

r— Emizzions Model

Girid: o7 C UAM  Dther...
— Grid Size for Model
T ISD
" Offzet |2
it |-|
Pir = # Dffset Ma. ¥
|1 |—1 3 IBD

oK | Carcel | Help |

Fig.4 Flexible domain sizing and inventory offsets

tree diagram can be expanded or collapsed to expose any
specific source type. An entire branch of sources within
the tree diagram can be selected by marking the box at
the most general level. Any source can be deselected
by marking it again.

Once a source type has been selected, it is added to
a summarized list on the right-hand side of Fig. 5. The
sources in this list are available for emission
modification. Control factors can be applied to CO,
NOx, SOx, TOG, and PM emissions. A unity factor
represents no change to the baseline emission rate. A
factor less than unity represents an emission reduction
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.==5CC Factors [_ (O] x|
File Edit “iew Help
| % el x| N < | v | B|@| x|
| SCC Codes Hierarchy: | Selected SCC Codes:
&-[J 0 EPA Specisl Category |=] c0 [mwox [sox [106 [PM | Desciiption

L——_ID 1 EP Special Category

D 00 EF& Special Categary
E-[]01 EPA Special Categary
@-[] 003 EP4 Special Categary
[J 004 EPA Special Category
[J 005 EPA, Special Category
[J 00E EPA Special Categary
[J 007 EPA Special Categary
B[] 008 EPA Special Category
E|D 009 EP& Special Categary
i ~[#]02 EXTCOME BOILER
© .[J03 EXTCOME BOILER
B[] 010 EPA Special Categary
[ 012 EPA Special Categary
D 013 EP& Special Categary
H-[J 02 EPA Special Category

#-[] 03 EPA Special Category

H-[] 05 EPA Special Category

E-[J 2 EPA Special Category

L:_ID 01 EPA Special Cateqary

E| [Jom EPA Special Category
[¥] 01 INTERMLCOMBUSTIC
e [Jo2 INTERMLCOMBUSTIC
[J 002 EPA Special Categary
[J 003 EPA Special Category

0-00-000-03 1.00 1.00
0-00-000-07 1.00 1.00
0-00-000-27 1.00 1.00
1-01-003-02 1.00 1.00
2-01-00m-01 1.00 1.00

M 003173 014432 1.00 1.00 1.00

.==5CC Factors !E
—p (0000001

ON-ROADYEHICLES CO WO SO P OMLY OM-ROAD YEH
ExHAUST =

r Emizziohs Contral Factors——

OW-ROAD WEHICLES  CO MOX 50 P OMLY ...

OMN-ROAD WEHICLES TOG CAT HOT ...

ON-ROAD WEHICLES TOG DIURMAL ...
BIOGEMIC EMISSIONS - ALPHA PINENE

EXTCOME BOILER  ELECTRIC GEMERATN ..
IMTERMLCOMEUSTION ELECTRIC GEMERATM ...

1.00 .0Mz50 1.00
1.00 001346 1.00
1.00 1.00 1.00
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Factars
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50x 000000
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PM [o00000
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4] | 3 4| | ]
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Fig.5 The SCC GUI allows the user to select individual or groups of SCCs and apply control factors

while factors greater than unity represent emission
increases.

The example in the summary list of Fig. 5 shows
three different SCCs will be used to reduce emissions
from ON-ROAD VEHICLES. Emission rates for CO,
NOx, and TOG will be significantly reduced to reflect
a clean fleet technology. This is evident because the
emission control factors, or coefficients, have been set
to values much less than unity. The control factor values
are determined by the relative contribution of the new
emission rates compared to the existing baseline fleet
emission rates that are stored in the database'V-1®. The
user must also consider the number of vehicles or market
penetration when modifying emissions from ON-ROAD
VEHICLES.

After applying control factors to the selected sources
the user returns to the general GUI, Fig. 3, and executes
the data manipulation with the query button. The
database applies the new emission rates to each spatial
location where that specific source type is active within
the region. Emission files are automatically gridded into
cells as a function of time and space for use in regulatory
or research air quality models. Fig. 6 shows emission
inventories for Japan’s Kanto region and the United
States’ South Coast Air Basin. Because most of the

Emission Inventory
NOx at Time = 1300

0.0-0.1 g/hr
[ | 0.1-1ghr
[ | 1-10 g/hr
[ | 10 - 50 g/hr
50 - 100 g/hr
Il 100 - 1000 g/hr

0 10 20 30 40 50 60 70 80

20

10

0

Fig.6 An example of hourly emission inventories for
Japan’s Kanto region and U.S. SCAB

steps in the process of designing an emission control
strategy have been automated, the influence of human
error has been minimized. This process of creating
control strategies would continue until the results of the
emission reductions and air quality simulation
successfully met a predetermined criteria.
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5. Conclusion

An original and effective software tool has been
developed to simplify the evaluation of emission control
strategies for improving air quality. Mobile, stationary,
and biogenic emission inventories are quickly modified
to reflect the introduction of innovative, low emission
technologies. Control factors are applied to an emitting
source class to alter emission contributions of CO, NOx,
SOx, TOG and PM. The hourly gridded emission files
required for photochemical models are automatically
generated. The tool gives Honda the in-house capability
to evaluate the emission and air quality benefits of
vehicle technologies before or during the early research
phase, which can provide insight for determining the
most effective direction for research and development.
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Development of Super Sqaurshed Torque Converter by Applying Three-dimensional CFD
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ABSTRACT

A method has been created to optimize design
parameters using three-dimensional CFD to analyze the
internal flow condition of a flat torque converter and
one-dimensional angular momentum theory. This method
has been used to design a torus and blade configuration
which reduce flow loss and to optimize the specifications
of the stator, which has a great effect on the
characteristics of torque capacity factor. This has allowed
development of the thinnest super sqaurshed torque
converter for mass production in the world without
sacrificing torque converter performance.
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performance
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ABSTRACT

This technique adopted Professor Kubo’s program,
which is capable of simulating tooth-root bending stress
in helical gears while taking account of the effects of
misalignment and tooth surface modification. A
technique was created that is capable of simulating
helical gear tooth-root bending stress in an actual
automotive transmission accurately and in a short time
at the first stage of design. The resulting tool was
named GRANPLI. Misalignment in actual transmissions
was measured using independent gap sensors for drive
gear and driven gear behavior at low revolution speeds,
and a misalignment map was created with respect to the
loads. Particular attention was paid to the position of
the primary reduction gear with respect to shaft
orientation, the phase angle of the final reduction gear
and the differential case, and so on. The appropriateness
of calculation results obtained by GRANPLI was
confirmed through comparison with data from
measurements by a strain gage attached to gear in an
actual automotive transmission.
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Table 1  Specification of gears used in experiments
Drive Driven
Normal module 2.00
Standard pressure angle (°) 17.5
Number of teeth 30 30
Face width (mm) 16.0 15.0
Helix angle (°) 36.0
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Table 2 Specification of gears used in experiments
Drive Driven
Normal module 2.25
Standard pressure angle (°) 17.5
Number of teeth 18 79
Face width (mm) 37.5 33.0
Helix angle (°) 29.0
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Table 3 Specification of gears used in experiments

1st gear| 3rd gear|5th gear
Normal module 2.00 1.75 1.75
Standard pressure angle (°)| 17.5 17.5 17.5
Gear ratio 3.266 1.212 | 0.738
Helix angle (°) 33.4 36.0 36.0
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Improvements in Vehicle Stability and Steerability with Slip Control
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ABSTRACT

To improve vehicle stability in unison with
steerability, vehicle dynamic parameters such as vehicle
slip angle, road friction, and tire side forces were
precisely estimated in a moment, and utilizing four wheel
slip control a logic for optimizing vehicle dynamics was
formulated. Tests on ice- and snow-covered roads
demonstrated the effectiveness of the control, and
confirmed the validity of the logic.
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ABSTRACT

The reduction of brake judder requires proper tuning
of the dynamic characteristics in the suspension, which
as an oscillatory system has a great influence on brake
judder. Here, a component model of the suspension is
used to calculate its vibration mode and frequency
characteristics. This makes it possible to conduct a
comparative examination of the influence of the
suspension geometry (the main factor in brake judder),
bushing characteristics, parts weight, and other such
factors by means of simulation. As a result, the values
predicted by calculation have been found to correspond
closely with the actual measurements, and compliance
steering has been confirmed to play a significant role in
reducing brake judder.
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ABSTRACT

The shape of cup seal has been examined by using
FEA super elastic analysis. The cup seal, which is
installed into wheel cylinder of drum brakes, is required
performances such as durability and proper resistance of
working. The material of cup seal was changed from
SBR, which is used as usual in the past, to EPDM. On
account of the change, the heat resistance and the wear
resistance were improved. And then, the prototype of cup
seal has been made based on the result of the
examination. Various durability tests for the confirmation
showed improvement of its reliability and proper
resistance of its working.
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ABSTRACT

In the area of automobile air-conditioning, a new
system was developed that is capable of maintaining
comfort even when receiving uneven solar radiation that
changes as it enters from different angles. This project
differentiated the solar radiation energy that is absorbed
by the human body and thus affects passengers directly,
and that energy that is absorbed by the car body and is
then conveyed to the passengers by means of the cabin
air. Values for these two were then derived for every
position of the sun. Based on the results, a map was
created that enables the air-conditioning system to
change the coefficient adjusting for the influence of solar
radiation. A control system has been developed that
calculates the position of the sun relative to the
automobile by means of GPS, and provides only as much
cooling as is needed to offset the amount of solar
radiation energy absorbed by the passengers according
to the position of the sun. An automobile with this air-
conditioning system installed was subjected to outdoor
cruising tests, which confirmed that passengers felt a
constant level of comfort even when the direction of the
sunlight changed with respect to the car body.
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Table 1 Test location and solar angle
) Solar altitude Solar azimuth
Time ° °
) )
6:00 4.1 87.1
7:00 15.9 77.7
8:00 27.3 67.2
9:00 37.8 54.4
10:00 46.5 37.8
11:00 52.0 16.4
12:00 52.8 -8.3
13:00 48.7 -31.2
14:00 40.9 -49.4
15:00 31.0 -63.3
16:00 19.8 -74.4
17:00 8.0 -84.0
Longitude 140°E
Latitude 37°N
Date 09/19/00
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ABSTRACT

In order to effectively utilize 3 dimensional models,
a 3D auto meshing function linked with a 3D CAD
system and 3D model quality were improved with the
aim of performing Finite Element Analysis without
maodification on detail models including detailed fillets,
draft angles and other complex shapes which can be
applied to die manufacture. As aresult, 3D detail models
with a data volume in excess of 100 MB could be
converted to CAE models by auto meshing, allowing
design staff to perform Finite Element Analysis at the
transmission design site.
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Table 1 Step 1 result

Model A B C D E Total
Meshing trials 44 42 18 38 12 154
Mesh success 5 2 0 9 7 23
Mesh success rate 11.36% 4.76% 0.00% 23.68% | 58.33% | 14.94%
Meshing failure details
3D model quality 28 6 18 17 4 73
Element quality 8 32 0 10 1 51
Others 3 2 0 2 0 7
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Table 2 Step 2 result

Model

A

B

C

D

E

Total

Meshing trials

44

42

18

38

12

154

Mesh success

37

41

10

36

11

135

Mesh success rate

Meshing failure details

3D model quality

84.09%

7

97.62%

1

55.56%

3

94.74%

2

91.67%

0

87.66%

13

Element quality

0

0

2

0

1

3

Others
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Table 3 Step 3 result
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A

B
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Meshing trials
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Mesh success
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Mesh success rate

Meshing failure details
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Element quality
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ABSTRACT

This paper describes the development of a new
method to evaluate dynamic behavior and stress for
durability simulations of metal pushing CVT V-belts
undergoing high rotational speeds. The finite element
method of crash analysis is adopted to simulate the high
rotational speed range. A finite element model of the
complete metal pushing V-belt including the layered
rings is constructed, where the torque is transmitted by
the friction of the contact surface. In the simulation, the
rotational speed increases from zero to the target speed.
Since the simulated belt stresses correlate to test, the
durability of the belt has been first predicted
successfully. To make this simulation available to
designers, a customized pre- and postprocessing tool is
developed in order to allow creation of new models in
an easy and fast way.
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ABSTRACT

An optimum description of interior sound of sports
cars is developed. This description for sporty sound
character is derived from precise subjective evaluations
of 12 sports cars and consists of objective parameters.
Further, it is found that there is only a slight difference
in perception for sporty sound between Austrian and
Japanese. As a result of this research, software for
sporty sound character is developed for new sports cars
that have the optimum interior sound.
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ABSTRACT

This paper presents a method for directly measuring
the exciting forces exerted on the main bearing journal
from the crankshaft. A method was developed for
obtaining the size and direction of the constantly
changing exciting forces, which was formerly impossible.
The exciting force direction and absolute value are
obtained when the relative error between the strain
during actual operation obtained from multiple strain
gauges affixed to the inner surface of the main bearing
journal and the strain estimated from calibration curves
is at a minimum.
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Table 1 Test engine major specifications

Type: Water-cooled,
in-line four-cylinder

Valvetrain: SOHC 16 valves
Displacement: 1493 cc
Bore/Stroke: 75.0 mm/84.5 mm
Compression ratio: 9.4:1

Maximum power:
Maximum torque:

105 PS /6400 rpm
13.6 kgm /4500 rpm
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Table 2 Roundness measurement result

Roundness (um)

Mass-produced metal 10.25
Successful notch 9.05
Failed notch 20.01

No stress
concentration
around the

notched area

Successful product

Stress
concentration
around the

notched area

Failed product
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Table 3 Measuring conditions

1600 ~ 6000 rpm
Wide open throttle

Engine speed range
Dynamometer torque

40 Nm

While motoring

Lubricant temperature 85°C ~95°C
Coolant temperature 82 °C
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ABSTRACT

Prediction methods using finite element method
(FEM) analysis were investigated to construct technology
for predicting aggravation of gear noise and other high
frequency vibrations due to engine mount transfer in the
initial development stages. Engine mounts are normally
comprised of rubber clasped between metal brackets on
the power plant and chassis sides, and coupled vibration
including these metal parts is a problem for high
frequency vibration transfer. This study showed that the
mount vibration transfer characteristics are a composite
of the response characteristics of each metal part, and
that simple evaluation by the response level can be used
to predict the aggravation of noise in the front seat. In
addition, modeling the chassis frame and case to which
the metal fittings are joined, and modeling the clamping
rigidity of the joints using spring elements made it
possible to accurately calculate the frequency response
(error of resonance frequency: approximately 5%).
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Development of Night Vision System (Collision avoidance system to the pedestrian)
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ABSTRACT

A Night Vision system has been developed to reduce
pedestrian accidents occurring at night.

High temperature objects presumed to be pedestrians
are detected by processing the images from infrared
stereo cameras mounted on the front of the vehicle, and
the possibility of a collision is judged by calculating the
position and relative moving vector of the pedestrian.

In addition, voice guidance is provided and a
highlighted infrared image of the pedestrian is displayed
at the bottom of the front windshield using a head-up
display (HUD) installed in the instrument panel.

As a result of confirming detection performance on
a test course, it was found that the possibility of
collisions with pedestrians on the road and road
crossings could be judged.

Further, as a result of confirming evasive action on
the part of the driver with respect to the provided
information, this system was found to be an effective
means of avoiding collisions with pedestrians.
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ABSTRACT

Factors causing rear-end collisions were investigated
by performing traffic accident analysis using accident
statistics and detailed traffic accident analysis using
questionnaire surveys. Then, accident analysis was
performed through simulations based on these factors.
The results showed that many rear-end collisions are
caused by momentary inattention during daily driving.
Therefore, a collision avoidance assist system was
developed that is effective in these situations. In
developing this system, a warning timing that does not
interfere with the driver was set so as not to impair the
warning effects, and adopted a system structure where
delays in recognition and judgement are compensated for
by an automatic brake. The automatic brake activation
method was investigated through calculations and actual
vehicle tests. The activation timing was set so as not to
interfere with normal driver operations, and the
deceleration was set to assist the driver’s avoidance
operations. As a result, a highly effective system for
reducing rear-end collisions could be constructed.
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Table 1 Major specifications of radar sensor
Detection Area Horizontal 280 mrad
Vertical 66 mrad
Maximum Range 100 m
Range Resolution 0.1m
Range Accuracy +1.0m
Sampling Time 0.1 sec
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Development of 7003 Aluminum Extrusions for
Motorcycle Frame Applications

Rowdy JOSEPH" Junichi UEDA"R®

ABSTRACT

The 7003-T4 alloy as an acceptable material for
production of a motorcycle frame was developed. In the
development of the material, a designed experiment was
planned by which nine 7003 alloy variants were cast and
homogenized. The cast billets were extruded into hollow
frame tubes on a production extrusion line and the
natural aging response of the material was evaluated. The
tendency for recrystallized grains at the surface of the
extruded tubes was measured and confirmed to be at an
acceptable level for painting. The reversion and
recovery of mechanical properties during paint curing
was evaluated and curing limits were established for
mass production. From the results, parametric equations
were derived to describe the relationships between
mechanical properties, composition and natural aging
time to insure design compliance. This development has
resulted in a frame which is 35% lighter than the tubular
steel construction applied to previous models.
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1. Introduction

In order to reduce vehicle weight and meet the
demands of the customer, a new dual spar aluminum
frame design has been developed for the 2001 Honda
Goldwing shown in Figure 1. A suitable U.S. auminum
aloy, one recognized by the U.S. aluminum industry and
capable of performing according to the design
requirements, had to be developed for extrusion into
hollow tubes for the frame body.

A 7003 Al-Zn-Mg alloy was developed for extrusion
into frame tubes for the new Goldwing. Customized
alloys based on the 7003 chemistry are currently used
to produce frame tubes found on Honda sport class and
dirt motorcycles built in Japan. The development of
these alloys resulted in restricted chemical compositions
to optimize mechanical properties and limit the
recrystallized layer depth. The latter control being
especially important for those frames having an anodized
surface finish. In order to establish a cost merit for the
extrusion of aluminum tubes in the U.S,, restrictions on

0 O Honda R&D Americas, Inc.
goooooo
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the alloy composition had to be avoided. It was decided
to apply a standard 7003 alloy without restrictions on the
chemical composition. The standard 7003 alloy is
compared to the Honda custom aloy in Table 1. Severa
designed experiments were conducted as a means to
define the aging relationships for the standard alloy.

Fig.1 2001 Honda Goldwing with aluminum frame body
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Table 1 Standard alloy vs. Honda custom alloy compositions

Alloy Si Fe Cu Mn Mg Cr Zn Zr Ti Al
Standard | 0.30 0.35 0.20 0.30 0.5- 0.20 5.0- 0.05- 0.20 Bal

7003 max. max. max. max. 1.0 max. 6.5 0.25 max. '
Custom 0.05- 0.15- 0.05- 0.20- 0.50- 0.05 5.5- 0.15- 0.01- Bal

alloy 0.20 0.30 0.15 0.30 0.80 max. 6.1 0.25 0.06 '

Based on the results of the experiments, the material was
found to meet the design requirements, and paint curing
guidelines were successfully established. This paper
describes the procedures used to develop the 7003-T4
alloy as an acceptable material for production of a
lightweight, high strength motorcycle frame. The authors
are hopeful that this data is a useful benchmark tool for
designers and engineers considering extruded aluminum
tubing for similar applications.

2. Description of 2001 Honda Goldwing Frame

2.1. Design Requirements

The frame is a welded assembly consisting of
extruded tubes and aluminum die castings. The dual
spars or main tubes which extend from the head pipe to
the pivot plates on either side, are multi-void extrusions
having a 3mm outer wall thickness. These tubes serve
as the primary load bearing structures in the welded
assembly and are the focus of this material development.
The down tubes are dual-void extrusions that extend
from the head pipe to the front engine bracket locations.
The tubes comprising the rear frame are round hollow
extrusions which support the seat and saddle bags.

The lightest frame is achieved by minimizing the wall
thickness of each extruded tube. Wall thicknesses are
based on the mechanical strength of the aluminum and
in the case of the new frame, a custom alloy served as
the basis for calculating the thickness targets. The
standard 7003 alloy had to perform as well as the custom
alloy during tensile tests to prevent thickness increases
leading to a heavier frame. The development of the 7003
material, resulted in a frame body having an average

Fig.2 Frame body construction

weight of 21kg. Although the 20kg target was slightly
exceeded, a 35% decrease in frame weight compared to
the welded tubular steel construction found on the
previous Goldwing was realized. The frame is shown
in Figure 2.

Exposing a bit of the frame body provides a
mechanical personality but requires that the exposed area
have a high quality surface appearance. Several surface
finish options were considered at the onset of
development. The original idea was to apply a bright
anodized surface for a shiny metallic appearance. The
anodized option requires special control over the depth
of the recrystallized layer which generates at the die
interface during the extrusion process. Since grain
growth following recrystallization is unrestricted at the
surface, the surface grains become large and the surface
appears coarsened®. This coarsening condition is called
“orange peel” and an example is shown in Figure 3.
Orange peel becomes more noticeable when the grains
are strained during bending. Anodizing also enhances
this effect, so a powder paint system was chosen as an
alternative to prevent strict control over the recrystallized
layer depth and increased extrusion costs. The paint
would sufficiently cover the recrystallized surface and
provide good corrosion resistance. Control over the
depth of the recrystallized layer was still required, but
to a lesser degree. The frame material design
reguirements are given in Table 2.

e e e ——— e ST

T T
e

1

Fig.3 Orange peel effect

Table 2 Frame material design requirements

Criteria 7 day aging 30 day aging 90 day aging
Tensile strength (MPa) 235 min. 275 min. 294 min.
Yield strength (MPa) 118 min. 176 min. 186 min.
Elongation (%) 13 min. 13 min. 13 min.
Recrystallized layer depth (mm) 25 max.
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2.2. Material Selection

Initially, several alloys were considered for the
application. The selection criteria are shown in
Table 3.

6061 is commonly applied to automotive structural
applications where strength, corrosion resistance and
weldability are required. Although 6061 is easily arc
welded, the room temperature hardness recovery in the
heat affected zone is not good and adequate strengths
could not be achieved.

7075 was also briefly considered. The high Zn and
Mg content in this material promote significant
strengthening during natural aging. The Cu content
(typicaly near 1.6%) is a disadvantage since increasing
Cu widens the melting range and reduces the solidus
temperature?. The effect is to increase the potential for
cracking during arc welding. Extruding 7075 into shapes
having thin wall sections is also difficult and distortion
following press quenching is eminent. Based on these
producibility issues, 7075 was eliminated as a candidate
for this frame tube application.

The 7003 alloy was selected as the best option for
production of the new frame tubes. The Zn and Mg
content provide sufficient response to natural aging
although the allowable ranges are wider than those of
the Honda custom alloy. The low Cu content (0.2%
maximum) narrows the melting range and increases the
solidus temperature which improves resistance to weld
cracking when a high Mg filler metal is applied®. The
custom material was developed with anodized frames in
mind and Cr promotes yellowing of the anodic oxide
surface layer, therefore Cr is controlled to a low level
(0.05% maximum) to improve the appearance of the
anodized frames. The new Goldwing frames will be

painted, so the yellowing effect from Cr is not relevant
and higher levels may be tolerated. The standard 7003
was found to meet the material requirements and was
chosen for production of the frame tubes.

2.3. Manufacturing Sequence

The manufacturing sequence required to create the
frame body is shown in Figure 4. First, round ingots,
178mm in diameter and 1524mm long are continuously
cast and homogenized. The heads and tails are cropped
to eliminate extreme variations in composition and
microstructures. The ingots are heated to 510 °C and
direct extruded into multi, dual void, or hollow tubes.
As the tubes exit the extrusion dies, they are quenched
and the natural aging cycle begins. The extruded tubes
are next cut to length and formed by bending into the
appropriate shapes. Minor machining and drilling is
performed and the tubes are prepared for welding. The
structure takes shape when the cast head pipe, pivot
plates and engine brackets are joined to the frame tubes
by manual arc welding. The frames pass through a paint
booth where a polyester urethane powder is applied.
Finally, the powder is cured at 210 °C for 48 minutes
and the frames are ready to be assembled into
motorcycles.

3. Experimental

3.1. Basis

The aging of rapidly quenched Al-Zn-Mg alloys from
room temperature to relatively low aging temperatures
is accompanied by the generation of solute rich zones
known as GP (Guinier-Preston) zones®. Strengthening
is the result of interference between moving dislocations

Table 3 Aluminum alloy selection criteria

Criteria Honda Custom Grade 6061-T6 *7003-T4 7075-T6
Tensile strength (MPa) 235 310 324 570
Yield strength (MPa) 118 275 187 505
Elongation (%) 13 12 19 11
Youngs modulus (GPa) 71 69 71 72
Extrudability (hollows) Good Excellent Good Poor
Formability Fair Fair Fair Poor
Weldability Good Excellent Good Poor
Hardness recovery after welding Good Poor Good -
Availability Poor Excellent Fair Excellent
**Material costs $5.00/kg $3.88/kg $4.77/kg No data
*Typical properties after standard aging 7 days at RT
**Includes casting and conversion. Shipping costs are included for the Honda Custom Grade.
Ingot cast Homogenize P Extrude
Bend & machine Arc weld P Powder paint P Paint cure

Fig.4 Manufacturing process
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and these spherical shaped zones. With increasing aging
time, GP zones increase in size, and the strength of the
alloy increases®.

Extended aging at temperatures above room
temperature transforms the GP zones in alloys with
relatively high Zn-Mg ratios into the equilibrium
precipitate known as MgZn, or M phase®. In the case
of the 7003 alloy where Zn is in excess of Mg, the
sequence is in the order GP zones, coherent precipitate,
and M phase (MgZn,) ®. Heating and cooling of the
extruded tubes during production of the frame body
changes the mechanical state of the alloy according to
this aging sequence. In the case of the painting process,
the stable tubes in the T4 condition, are exposed to
moderately high temperatures during the curing step.
This exposure causes the sequence to reverse which
decreases the hardness, and therefore the strength, of the
tubes. This phenomenon, known as reversion, is caused
by Zn and Mg diffusion back into the solvent aluminum
and subsequent shrinking of the GP zones.

3.2. Experimental Procedures

3.2.1. Mechanical Properties vs. Natural Aging

Relationships between mechanical properties,
composition and natural aging time were empirically
developed.

The increase in strength during natural aging is a
result of the growth of GP zones rich in Mg and Zn
solute atoms, therefore these elements were chosen as
factors and adjusted to produce nine variants covering
the entire 7003 chemical range in the standard alloy.
The chemical variants are shown in Table 4. Time and
temperature were chosen as the aging factors. These
levels were set at 7, 30, and 90 days. With production
locations in mind, the aging temperature levels were set
at -10 °C, 25 °C and 50 °C to reflect possible natural
aging temperature scenarios.

Tensile coupons were machined from the sample
tubes representing each of the nine chemical variants
described in Table 4. Coupons were made from tubes
representing the front, middle and rear of each cast ingot
in order to capture inherent process variation. The aging
start time (t=0) was re-established by solution heat
treating the coupons in a small electric furnace at 435
°C for 1 hour and quenching in air to represent press
quenching. All tensile coupons were produced according
to ASTM B557. The duplicate flat coupons had a gage
length of 50mm and the testing was conducted according
to ASTM EB8.

3.2.2. Recrystallization Tendency

Temperatures at the material/die interface are high
enough during press quenching to cause simultaneous
recovery, recrystallization, and grain growth. Surface
quality of the extruded tubes is dependent on the depth
of the recrystallized layer and the size of the
recrystallized grains at the surface. Coarse grains, which
become strained during bending produce an undesirable
“orange peel” effect. Controlling recrystallization during
extrusion is crucial for anodized frames, since anodizing
amplifies the orange peel effect. The selection of
powder paint reduces the necessary control over the
recrystallized layer depth, however it does not eliminate
orange peel as a factor which reduces appearance quality.
In order to estimate the recrystallization tendency in the
7003 alloy, a section from each of the alloy variants was
taken normal to the extrusion direction. The sections
were polished, etched to reveal the recrystallized layer,
and observed under a light microscope.

3.2.3. Reversion and Recovery Evaluation

The paint curing cycle was established for mass
production by determining the effect of curing
temperature and time on the reversion and recovery of
mechanical properties.

The painting process consists of pretreatment,
powder paint application, and paint curing stages. The
gas fired curing oven contains two zones, each having
independent temperature control. Frames are placed on
hangers and transferred through the curing oven via an
overhead conveyor. Curing temperature and time are
partially determined by the paint selection since each
paint is delivered with a recommended cycle developed
to provide the best adhesion and appearance for a given
substrate. In the case of the Goldwing frames, a
polyester urethane resin material was selected. The best
adhesion and appearance is achieved by curing between
182 °C and 216 °C for at least 15 minutes. The curing
time is controlled by the speed of the overhead conveyor
carrying the painted frames into the curing oven.
Minimizing curing time results in maximum line speed
and production output but requires a temperature setting
near the high side of the supplier’s recommended range.

Three trials were conducted in order to establish the
optimum curing cycle under normal production
conditions. The variables for each trial are given in
Table 5. In each trial, the pretreatment temperature was
fixed at 177 °C and painting was done according to mass
production guidelines. Upon completion of each trial,

Table 5 Reversion and recovery experiment

Normal production
Table 4 3x5 designen experiment: Chemical variants Process variable Trial 1 Trial 2 Trial 3
Cemical Magnesium (%) Line speed (m/min.) 1.22 1.83 1.83
variants 0.5 0.75 1 Pretreatment (°C) 177 177 177
5.00 A1 A2 A3 Zone 1 (°C) 199 199 210
Zinc (%) 5.75 A4 A5 A6 Zone 2 (°C) 199 204 210
6.50 A7 A8 A9 Total cure (mins.) 60 48 48
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the test frames were inspected for paint adhesion and
appearance. Reversion and recovery of mechanical
properties was quantified by measuring the change in
hardness in a section cut from the main tube of each test
frame over a period of 50 days.

4. Experimental Results

4.1. Mechanical Properties vs. Natural Aging

4.1.1. Composition Effects

The 7 days aging condition was chosen to illustrate
the relationship between mechanical properties and
composition. One week is the typical time between
press quenching and frame welding during production,
so it is convenient to express the strength of the formed
tubes after natural aging for 7 days. The results of
tensile strength, yield strength, and elongation averages
are shown in Figures 5, 6, and 7. The data shows that
tensile and yield strength targets, set by design, can be
achieved across the entire chemical range when natural
aging occurs at room temperature or above. The aging
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sequence is slowed significantly when freezing
temperatures are encountered so that the 7-day strength
targets are only achieved when the Zn and Mg percents
are at the high end of the specification range.
Acceptable elongation is also achieved for all
chemistries. A premise for using the standard 7003 alloy
was that custom chemical control be avoided. Based on
the results, customizing the alloy composition is not
required.

4.1.2. Natural Aging Effects

Figures 8, 9, and 10 illustrate the natural aging
response at -10 °C, 25 °C, and 50 °C for 7, 30, and 90
days. The data shows that the tensile and yield strength
targets can be achieved after a 7-day natural aging cycle
except for the case where aging occurs at -10 °C. The
mechanical strengths increase as natural aging proceeds
and the increase in strength is proportional to aging
temperature. The natural aging rate is inversely
proportional to aging time due to the slowed growth of
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Fig.8 Aging impact on tensile strength
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Fig.9 Aging impact on yield strength

GP zones. Under the conditions of this aging study, the
tensile strength increases at a rate 0.8MPa/day at -10 °C,
0.7MPa/day at 25 °C, and 0.5MPa/day at 50 °C. The
yield strength increases at a rate of 0.6MPa/day at -10
°C, 0.4MPa/day at 25 °C, and 0.3MPa/day at 50 °C.

Although these general trends are known and were
expected, the data allows quantification based empirical
relationships. Regression analysis was performed to
generate trend lines and equations for each condition. A
statistical check on the accuracy of the strength vs.
natural aging equations was made by calculating the R?
value. The equations and R?values are given in Tables
6 and 7. Test error prevented an accurate trend analysis
on the elongation data.

The mechanical properties given by the standard 7003
alloy are sufficient after naturally aging for at least 7
days, except when exposed to freezing temperatures. To
prevent exposure to freezing temperatures likely when
transporting the extruded lengths during the winter,
extrusion and bending was established at the same plant
location. This decision prevents unexpected changes in
the mechanical response to tube bending and improves
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Fig.10 Aging impact on elongation

control over the dimensions of the finished tubes for
easier alignment during welding. Special chemical
control is not required to guarantee compliance with the
design criteria and the standard 7003 was confirmed to
be acceptable for frame production.

4.2. Recrystallization Tendency

The normalized results from each worst case depth
measurement are shown in Figure 11 and a
photomicrograph showing a typical recrystallized layer
is shown in Figure 12. It is seen that the average
recrystallized layer depth is less than the specification
limit given in Table 2, however there is the potential
to exceed this limit. The actual appearance of mass
produced frames was acceptable to the visual criteria, so
no further action was needed to reduce the potential for
recrystallization.

4.3. Reversion and Recovery During Paint Curing

Hardness of the frame material was considered fully
recovered when a hardness of 75 HRF was achieved.
This value represents the as-welded hardness of the

Table 6 Equations, strength vs. chemistry at 7 days

Property

Natural Aging Temperature

Equation

Tensile Strength (MPa)
Yield Strength (MPa)

25°C

58.31 + (117.75 * %Mg) + (30.39 * %Zn)

26.61 + (79.19 * %Mg) + (19.22 « %Zn)

Table 7 Equations and R?values, strength vs. natural aging

Property Natural aging temperature Equation R2 Value
-10°C 26.86 In(days) + 167.76 0.98
Tensile strength (MPa) 25°C 25.99 In(days) + 270.05 0.99
50°C 14.94 In(days) + 341.69 1.00
-10°C 19.08 In(days) + 82.50 0.98
Yield strength (MPa) 25°C 14.89 In(days) + 158.19 1.00
50°C 9.87 In(days) + 197.53 0.99
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Fig.11 Recrystallization tendency in 7003-T4
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Fig.12 Typical recrystallized layer in 7003-T4, 200x HF

extruded tubes prior to paint curing. Tensile tests were
conducted on samples having a maximum hardness of
75 HRF to guarantee acceptable strength and elongation
at this target hardness. Based on the correlation, the tube
material was considered acceptable when recovery to at
least 75 HRF was obtained.

Reversion was found to occur in the 7003 tube
material during each of the three paint curing trials. The
A356.0 casting material, heat treated to the T6 condition,
was not affected by exposure to curing temperatures.
This is primarily due to the stability of the Mg,Si
precipitate formed during heat treating. Reversion was
found to occur in the welds joining the tubes to the
castings, however the high Mg content in the A5356
filler metal promotes rapid recovery and the hardness
returned to the as-welded condition within 14 days.
These results are illustrated in Figure 13.

Results from the trials conducted under normal paint
curing conditions are given in Figure 14. The line
speed settings for Trial 1 and Trial 2 were slow enough
to allow a significant decrease in material hardness. In
each of these two cases, the recovery time was nearly
15 days. Increasing the line speed at both the
pretreatment and curing locations during Trial 3 acts to
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Fig.14 Reversion recovery: Normal cure trial results
T1-T3

minimize reversion, despite higher curing temperatures.
The frame material exposed to the conditions of Trial 3
required only 12 days to recover to the target hardness.
This was the minimum recovery time recorded for the
three Trials, therefore the mass production paint curing
conditions were set to equal those applied to Trial 3.

5. Conclusions

(1) Thestandard 7003-T4 aloy, produced in the U.S,, has
been developed for production of extruded frame tubes
for the luxury touring motorcycle.

(2) The standard material is shown to meet strength and
surface recrystallization requirements for the
lightweight, painted frame design.

(3) Empirical relationships have been established to define
mechanical properties as a function of alloying and
natural aging.

(4) A paint curing process has been defined to guarantee
the mechanical propertiesin the final painted product.
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ABSTRACT

High pressure die casting material is developed for
the piston of mass-produced small general-purpose
engines of different models. This saves the casting tact-
time, provides the line with continuity through casting
and machining process, which is impossible with
permanent mold casting method, and contributes to the
production cost reduction. The high pressure die casting
material provides the material hardness HRB65, which
is equivalent as the material in general use for permanent
mold casted piston by high speed filling into metal mold
and quick solidification of the molten metal. This also
satisfies the good heat durability by the short time T5
process. For the material character stabilization in mass
production, various kinds of alloy are prototyped and
evaluated the strength, permanent strain, seizure,
solidifying structure, and actual engine durability test,
and the composition of the alloy is decided.
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Table 2 Chemical compositions for alloy designing
oood Cu % Si % Mg % Zn % Fe % Mn % Ni % mp °C
25 10.5 0.8
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3.5 11.5 1.4
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Fig.10 Changes of hardness with re-ageing at various temperatures
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Table 3 Chemical composition of HAS14C4

Cu%| Si% |Mg%|Zn% |Fe % [Mn % | Ni% | Al
Upper| 4.0 | 140 | 20 |<25|<1.1|<05|<0.5| Bal
Middle| 3.8 | 135 | 1.7 [<25|<11|<05|<0.5]| Bal.
Lower| 35 | 13.0| 14 |<25|<1.1|<05|<0.5| Bal

Table 4 Physical & mechanical property of HAS14C4

. - HAS14C4
Physical property |Test condition| AC8H-T7 250°C x 200
Thermal expansion | Room temp.~
coefficient 100°C
(x 10%) Room temp.~ 19.2~20.8 | 19.4~20.3
(°C" 200°C
Thermal conductivity
(x 109) Room temp. | 135 ~ 142 100 ~ 105*
(W/m-°C)
Modulus of
longitudinal elasticity | Room temp. | 735~ 775 745

(MPa)

Density — 2.68~2.74 | 2.68 ~2.79
Hardness (HRB) — 64 ~ 68 66 ~ 68
Tensile strength 200°C 212 ~2.60 | 2.30 ~2.80

(MPa) 300°C 0.74 1.29 ~ 1.42

0.2% proof strength 200°C 1.98 ~2.05 | 1.89 ~2.40

(MPa) 300°C 0.57 1.00 ~ 1.19

Fatigue strength 200°C 0.74~0.78 | 0.83~0.88
107 cycle
(MPa) 300°C 0.33 0.41

* Since the thermal conductivity of A351 is 107 which is almost
equivalent to that of HAS14C4, this result is considered to be
acceptable.
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ABSTRACT

A surface treatment method that doesn’t use
chromium is developed for aluminum body. Adding
fluorine and iron complex to the current zinc phosphate
to accelerate the reaction of zinc phosphate, create a fine
zinc phosphate film that appears on aluminum.
Increasing the concentration of manganese in zinc
phosphate promotes improvement of anti-alkaline
property of zinc phosphate film. The developed zinc
phosphate film has enough water resistance without
chromium post-rinse and has enough anti-filiform
corrosion performance without chromium pigment in E-
coat. Therefore, chromium is eliminated from paint
process of aluminum automotive body.
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Fig.1 Pretreatment methods for aluminum and steel body
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Fig.5 SEM images of zinc phosphate films
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Table 1 Water resistance and F/Zn ratio

Water resistance
(Percentage of F/Zn ratio
remained paint)
Zinc Phosphate for
aluminum and steel 0~50% 5.1
(STD condition)
Developed zinc phosphate o ~
(STD condition) 100% 01-13
Develop.ed'zmc phosphate 100% 0
(Drain time < 5 sec)
Developed zinc phosphate o
(Phosphating 10min) 100% 0

* STD condition : Phosphating time 2min, Drain time 30sec

(1) Drain time after phosphating

\ 4

Al-F on the surface of aluminum will reduce paint adhesion

Zinc Phosphate Al-F

¥

Aluminum surface

(2) Al-F doesn’t appear on the surface of aluminum covered
with fine zinc phosphate film

zmm

Aluminum surface

Fig.7 Mechanism of the decrease in the paint
adhesion
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Fig.8 Mechanism of filiform corrosion
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Table 2 Relationship between concentration of Mn
ion and anti-alkaline property

Concentration of Mn Dissolved weight in alkaline
(ppm) (g/m?)
800 0.2036
1300 0.0643
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Current zinc phosphate system
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Fig.10 Developed zinc phosphate Process
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