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ABSTRACT

The RTL250F has a compact and lightweight 249
cmd, water-cooled, 4-stroke engine. As the world’s first
off-road motorcycle with a batteryless electronically
controlled fuel injection system (hereinafter referred to
as batteryless PGM-FI system), the RTL250F has
obtained the same or better racing performance than the
RTL250R with a 2-stroke engine. Furthermore, the
RTL250F motorcycle employs a kick-starter for engine
ignition. The batteryless PGM-FI system utilizes a lower
cost ECU (Engine Control Unit) integrated throttle body
developed for small motorcycles. A control system was
developed to obtain the drivability and usability required
by a trials motorcycle. As a result, a commercially
available trials motorcycle with a 4-stroke engine has
been realized. This trials motorcycle has shown
competitive performance for the World Championship
Trials.
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Fig. 1 External view of RTL250F Fig. 2 Comparison of frame body
Table 1 Major specifications of RTL250R and RTL250F
RTL250R RTL250F
ltems Specifications ltems Specifications
Overall length (mm) 2020 Overall length (mm) 2010
Overall width (mm) 830 Overall width (mm) 830
Overall height (mm) 1130 Overall height (mm) 1130
Wheelbase (mm) 1330 Wheelbase (mm) 1320
Ground clearance (mm) 340 Ground clearance (mm) 335
Seat height (mm) 650 Seat height (mm) 650
Caster angle (deg) 23° 20 Caster angle (deg) 23°
Trail length (mm) 65 Trail length (mm) 63
Vehicle dry mass (kg) 72 Vehicle dry mass (kg) 72
Engine type Liquid cooled 2-stroke single cylinder Engine type Liquid cooled 4-stroke OHC single cylinder
Valve train Crank case reed valve Valve train SOHC 4 valves
Engine displacement (cms) 249 Engine displacement (cms) 2491
Bore X Stroke (mm) 72.2 X 61 Bore X Stroke (mm) 76.5x54.2
Max. power (KW/r/min) 12.9/5000 Max. power (KW/r/min) 14/7 000
Max. torque (Nm/r/min) 26.5/4000 Max. torque (Nm/r/min) 21.8/5500
Fuel supply system Delorto PHBL26BS Fuel supply system PGM-FI
Ignition system Digital CDI Ignition system Full transister
Transmission 5 speed constant mesh Transmission 5 speed constant mesh
Clutch type Wet multi-plate type (hydraulic) Clutch type Wet multi-plate type (hydraulic)
Fuel capacity (Liter) 2 Fuel capacity (Liter) 1.9
Frame type Aluminum twin-tube Frame type Aluminum twin-tube
Brake system Front | Single 180 mm disc with twin-piston caliper Brake system Front |Single 180 mm disc with twin-piston caliper
Rear Single 100 mm disc Rear Single 100 mm disc
Tire size Front 2.75x21 Tire size Front 2.75x 21
Rear 4.00 X 18 Rear 4.00 x 18
Suspension Front Telescppic Suspension Front Telesc_opic
Rear Pro-link Rear Pro-link
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ABSTRACT

The 05 model US Odyssey was developed as the “King
of Minivans,” providing superior styling and excellent
utility combined with drivability and quality that rival any
luxury sedan. It is built on the foundation of Honda safety
and environmental leadership, and will become the
benchmark for the next generation of minivans.

The Odyssey powertrain employs North America s first
Variable Cylinder Management (VCM) engine, achieving
best-in-class fuel economy. The chassis ensures a quiet ride
through the use of a floating rear subframe, and at the
same time, achieves handling stability.

The interior incorporates many new ideas for the
small item storage spaces required of a minivan,
adopting features such as the world’ s first rotary in-floor
storage unit. The seats work to provide maximum utility,
with the adoption of one motion stowing for the 3" row
seats, and in the eight-passenger spec, a stowable 2™
Row PlusOne Seat that can be easily fitted in the center
of the second row. The power sliding doors are easily
operated with the adoption of a continuous electrical
supply system and touch sensors, etc.

The vehicle structure is designed to perform well in
frontal impacts, offset impacts, and car-to-car collisions
with the adoption of Honda' s Advanced Compatibility
Engineering Body structure. In addition, the Odyssey
combines existing safety features with side curtain airbags
and Vehicle Stability Assist (VSA) as standard for all
grades. The Odyssey is a vehicle that demonstrates
Honda' s commitment to “Safety for Everyone.”
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Table 1 Main specifications of engine

New model Previous Odyssey

60°V-6 SOHC VTEC | 60°V-6 i-VTEC VCM | 60°V-6 SOHC VTEC

Engine type

Displacement (cm?) 3471 3471 3471

Compression ratio 10.0 10.0 10.0

Fuel Regular unleaded | Regular unleaded | Regular unleaded
255/5750 255/5750
250/5000 250/4500

Max-power (hp/rpm) 240/5500

242/4500

Max-torque (Ib-ft/rpm)

Transmission 5AT 5AT 5AT

Fuel economy 19/25 20/28 18/25

Emissions LEV II-ULEV LEV lI-ULEV NLEV (LDT2)
343. 0000

0000000000000000000000000
00 Fig. 15 000 0V6 SOHC-VTEC/i-VTEC VCM 0 O
00000000000000000000000000
00000000000000000000000

000000000D00000000000A/FOODO
00000000000 NLEWLDT20 000 NOx O 75
OO00O00* LEVIFULEV 00000000000000
00000 Fig. 16010

V6 Sedan Group
YTEC 3S5iVTIEC

*9/7.

Previous model
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Acceleration performance (0-60 mph)
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Fig. 14 Driving performance and fuel consumption
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Table 2 Technologies for noise and vibration control

Boom |Vibration| Shock
Active control engine mount O O
Active noise control system O
Electric throttle control O
Lock up control
Lock up long torsion spring O O
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ABSTRACT

The 2005 model year ACCORD Hybrid was
developed to enhance the driving performance of a V6
luxury sedan while retaining the fuel economy of a
compact class, four-cylinder CIVIC sedan. The base 3.0L
V6 engine has been equipped with Variable Cylinder
Management (VCM) to decrease parasitic pumping
losses in the engine, while motor assist has been
employed to extend the operating range of the three-
cylinder operation mode. Both these factors have
contributed to improved fuel economy. The Integrated
Motor Assist (IMA) system applies new technologies to
the high-voltage electrical equipment, including fine
patterning of the inverter chips, as well as the use of an
Interior Permanent Magnet (IPM) rotor. The result has
been a 20% increase in maximum power and a 26%
increase in maximum torque.

A hybrid compressor fitted with a high-voltage drive
has been employed to increase the commercial appeal of
idle stop. In order to offset the increase in weight from
the IMA system, aluminum has been employed in the
bumper beams and certain other parts to reduce weight.
All of these fuel saving technologies have resulted in a
level of fuel economy, equal to that of the compact class,
four-cylinder CIVIC sedan, achieving 29 mpg in US City
mode and 37 mpg in US Highway mode.
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ABSTRACT

A smaller and more powerful 12V DC-DC converter
has been developed for Honda's Integrated Motor Assist
(IMA) system. Low breakdown voltage FETs and a
beam lead diode module in combination with high-
efficiency soft switching circuits have reduced energy
loss to increase the efficiency of the unit. Heat
dissipation simulations were employed to optimize the
component layout for efficient cooling. The new unit
employs a digital signal processor, and the reduction in
component numbers enabled by digital control has
resulted in a 40% reduction in the size of the circuit
board of the control section. The application of these
technol ogies has enabled the unit volume to be decreased
by 17% while output current has been increased by 60%
against the former model.
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Table 1 Specifications of DC-DC converter

Previous Newly developed
Output current (A) 75 120
Dimensions (mm) 178 x 60 x 235 150 x 50 x 250
Volume (cm®) 2510 2100
Current density (mA/cm?) 30 57
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ABSTRACT

For the 2005 Model year LEGEND, a compact
lightweight muffler valve with new construction was
developed for the variable flow rate muffler.

A conventional muffler valve rotates about a shaft.
A load is applied to the rotating shaft by a coil spring.
For this reason many parts are required for the valve to
open and close. The body of the muffler valve
traditionally coveres the entire valve operating range,
resulting in the valve being large and heavy.

As a method of reducing the number of parts and the
weight of the valve, this development employed the
mechanism of the reed valve. A reed valve is used in
2-cycle motorcycle engines to control the intake air
volume at the intake port. The addition of a support plate
to the reed valve structure was investigated to suppress
valve vibration and to apply a pre-load.

The number of parts in the newly developed muffler
valve was reduced from 13 parts in the conventional
valve to four parts. Both the weight and volume were
reduced to about 1/10. This enabled the cost to be
reduced to about 1/7 of a traditional exhaust valve.
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Fig. 1 Exhaust gas flow when muffler valve is closed
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Fig. 2 Exhaust gas flow when muffler valve is opened

gboboobobobobooboooooooooboon
gboboobooobooobooboboboboboboooo
gboboboooooboobobobobooooo
gboboobobobobooobooooooooboon
0000o00d Fig.2 0000
gbobooboboboboooboooooooooon
gobooooooooooobooooooboboooooo
gbobooooooobobobobobobooboooo
oooboboob
gboboobobobobooboooooooooboan
gobobooooooooooboooooooboboooooo
gbobooooobooo
goboooobbooooboooobbooobbooooboboo
gbobooooooobobobobobobooooo
gooooooooooooo

gooogooo

0000000000000000000000000
0000 Fig.3 0000
0000000000000000000000000
00@MO0000000@MO0000000000000
000000000000000
0000000000000000000000000
00000000MO00O0D000000000mMOnDo
000000000000000000000000000
00000000000000000000000000
000000000000000000000000000
00000000000000000000000000
00000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0 O Fig. 400
00000000000000 Fig.5 0000

Shaft

Stainless steel mesh

Coil spring

Valve A position (low engine speed)

Valve B position (high engine speed)

Fig. 3 Operation principle of conventional muffler valve

Fig. 4 Structure of stopper

Nut

Coil spring \w

Case spring
Bearing
Upperbody\g,

Shaft

Plate spring

Stainless steel mesh
Pipe A

Lowerbody

Bearing

Fig. 5 Structure of conventional muffler valve
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Table 1 Specification comparison of conventional and
developed muffler valves

Conventional Developed
muffler valve muffler valve
Wt (kg) 1.34 0.12
Number of 13 4
parts
Volume 112 x 108 0.08 x 108
(mm3)
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Development of Smart Card Key System for Motorcycles
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ABSTRACT

A motorcycles' smart card key system (duplex
electric wave communication key system) with both,
user-friendliness and antitheft certainty has been
developed for the first time in the world. The system can
unlock a main-switch, seat and console-box by one-push
operation. The main-switch is changed to a knob type
from the conventional key type. To protect the key
cylinder from excess input torque, a torque-limiter was
installed in the mechanism. An on/off switch that can
stop the communication function at anytime was added
on the smart card key because a motorcycle can be
parked just outside a shop or other location when the
main switch is still on and vehicle can be started. The
lock and unlock available area was determined from the
viewpoint of user’s convenience. The function and layout
of the communication system was determined by the
performance of using one low frequency transmitting
antenna. A factor and an analysis technique for
influences of radio noises from other electrical
components on the vehicles and surrounding
environments was clarified.
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Table 1 Number of operations
System Current | Smart card key
Operation modes system system
Engine running to steering lock 6 3
Steering lock to engine start 7 3
Seat open 3 1
Console box open 5 1
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ABSTRACT

A method has been developed for predicting the
sound radiation characteristics of transmission cases in
order to reduce gear whine noise radiating from
transmissions. Normal components of frequency response
vectors on the transmission case surface calculated using
an FE -model of the case are used to predict sound
radiation characteristics. To study the validity of the
method, the correlation between sound pressure level and
the level of vibration of the case surface during operation
and the predicted sound radiation characteristics was
investigated. Results showed a good correlation between
the figures and enabled equations of correlation between
them unaffected by shape or type of transmission to be
obtained, indicating that this method is sufficiently
accurate for studying case specifications at the design
stage.

This method enables the design of transmission cases
fulfilling performance requirements for gear whine noise
using only an FE -model of the case. The employment
of the method in the development process commenced
with the development of 2004 model year LIFE AT.
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Table 1

Size of FE -model

Number of nodes

Number of elements

544,571

301,433

2 Element type : Isotropic tetrahedral element
with midside nodes.
(consisting of 10 nodes for a element)
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ABSTRACT

A propeller shaft made of carbon fiber reinforced
plastic (hereafter referred to as “CFRP”), a lightweight
material, was developed and used on the 2005 model
year LEGEND.

To utilize the characteristics of carbon fiber (CF)
which is an anisotropic material, the CFRP tube was
produced using filament winding molding method. The
winding angles of CF was set at 30 degrees to help
ensure tube torsional strength. The press-fitting allowance
of the metallic stub shaft in the CFRP tube at the joint
was optimized, and adequate margin in strength and
durability was assigned with respect to other metallic
members to help ensure reliability.

The press-fitted portion of the stub shaft was
designed such that the tube broke when subjected to the
specific axial load, and the ability of the vehicle to
absorb shocks during a collision was ensured.

A 30% savings in weight was achieved in the
developed CFRP propeller shaft compared to the
conventional steel tube propeller shaft.
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ABSTRACT

A variety of components and systemsin a vehicle are
involved in brake judder. Up to the present, many papers
have explored the roles of the brake and suspension in
judder, but quite few have taken up the analysis of the
vibration behavior of transfer systems, such as the
steering system, subframe and body, from a viewpoint
of their impact to brake judder.

This study employed bench tests to reproduce driving
conditions. In order to analyze the transfer system,
vibration of the entire vehicle was measured and
behavior analysis was performed by visualization of
vibration phenomena. Much was learned about the
vibration behavior of the steering system, subframe and
body, and the basic mechanism of brake judder involving
the entire vehicle was proposed.

In addition, the influential factors in the transfer
system were identified, and the contribution of each was
analyzed.
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A combustion monitoring system has been developed
by applying ionic current measurement for malfunction
diagnosis and combustion management of Formula One
engines. In this system the spark plug’s center electrode
acts as an ion probe for ionic current measurement,
which eliminates the need for additional sensors. The
system allows the onboard monitoring of each of the
cylinders for their combustion status under all
operational conditions. The accuracy and reliability has
ensured that the technology can be effectively used for
the management of Formula One engines with car-to-pit
communication carried out via telemetering. It is capable
of various types of controls including detection of
misfire, hesitation, detonation and the lean-burn
condition. In addition to these points, this paper reports
on the relationship between the spark plug center
electrode configuration and the absolute quantity of ionic
current.
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HILS has been introduced to the CVT ECU
development process in an attempt to increase efficiency.
To create HILS, it was necessary to develop a CVT
HILS model capable of simulating transient states in a
CVT shift mechanism, including a hydraulic control
system. The calculation burden of the model was
reguired to be low enough to enable rea-time simulation.
The aim of this project was to develop an experimental
model capable of calculating the transient characteristics
of the pulley ratio on the basis of pulley ratio, the torque
input to the pulley, and the speed of revolution of the
pulley; in order to enable simulation of transient states,
in particular in kick-down shift. Given the high
calculation load of the hydraulic control system model,
test data was employed to enable the higher order
simultaneous equation model to be replaced by a lower
order transfer function model. The newly developed
HILS has been successfully introduced to the
development process for CVT ECU, resulting in a 30%
reduction in the number of procedures required for
verification of functioning and setting parameters for
programs.
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ABSTRACT

World’s first electronically controlled belt CVT
System (hereinafter referred to as Honda S MATIC) for
250 cm? class scooters has been developed in FORZA
2004 model. Honda S MATIC employed a rubber belt
with a high friction coefficient and pulleys made of
aluminum alloy. It was placed inside the unit-swing type
engine, which is the same type as conventional scooters.
For shift changing, pitch circle diameter of the driving
pulley was adjusted by a motor. Preparing several
selectable shift modes, suitable shifting characteristics
could be obtained at flat road or mountain road.
Furthermore, because of the elimination of ratio change
due to aging, Honda S MATIC provides several
advantages such as little reduction in maximum speed,
no change in shifting characteristics, and no change in
clutch connection point. Exceeding the conventional
CVTs, Honda S MATIC has simultaneously satisfied low
fuel consumption, low emissions, low noise and excellent
engine performance.
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Table 1 Comparison of drive belt specifications

2000 Model FORZA 2004 Model FORZA
.. | Upper canvas Cotton canvas Without canvas
g Upper rubber Chloroprene rubber with thread Chloroprene rubber with thread*
g Core wire Polyester Aromatic polyamide
.f_z Bonding rubber Chloroprene rubber Chloroprene rubber
8 Lower rubber Chloroprene rubber with thread Chloroprene rubber with thread*
% Reinforcements With reinforcement Without reinforcement
= Lower canvas Polyamide canvas Synthetic fabric mixed cotton canvas

Cog shape Single cog Double cog
:;.f_ Upper width Approximately 23 mm Approximately 25 mm
o Thickness Approximately 10.5 mm Approximately 12.5 mm
Angle Approximately 30 degrees Approximately 30 degrees
Ratio range 2.95 3.13

* : New compounded rubber which has two times strength of rubber elasticity rate for single cog
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ABSTRACT

Research was carried out on inspection technology
for gear surface imperfection inspection that has the
same degree of accuracy as that of a human inspector.
Regarding the surface of the tooth which is the object
of inspection, over-detection resulting from the extraction
of uneven brightness other than that due to imperfections
was an issue. For this reason, the features of
imperfections that permit imperfections to be
discriminated from non-imperfections were set based on
visual observation. In addition, a self-organizing map
which is a kind of neural network was employed as a
method whereby these features are used to identify
imperfections in the same way as a human inspector. By
using this map to teach the inspection system the features
of multiple imperfections and also uneven brightness and
dirt on the surface of the gear, it was possible to
recognize imperfections to the same degree of accuracy
as that of a human inspector. Technology constructed
using this imperfection recognition method enabled the
work of visual inspection to be reduced to about 10%
of that necessitated previously.
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ABSTRACT

The temperature of the road surface is known to
affect vehicle braking distance. This study demonstrated
that the variation in wet braking distance with road
temperature is significantly affected by the viscoelastic
properties of the tread rubber of the tires. On the basis
of this relation, a method of bench testing the
viscoelastic properties of tires has been developed which
enables the prediction of braking distance for a wide
range of road temperatures.
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Table 2 Tire characteristic

1 2 3

z
FF15L | FF15L | FF15L | FF0.66L | FF24L
Passenger | Passenger | Passenger | Passenger | Minivan
Tire F Tire G Tire H Tire | Tire J
Tread Compound 6 4 5 7 8
Construction d d d e f
Tread pattern v \ \ VI VI
Tire size 185/70R14 | 185/70R14 | 185/70R14 | 155/65R13 | 215/60R16
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ABSTRACT

The development of technology to predicting sloshing
noise from a fuel tank was approached from the aspects
of simulation and experiment. First, an acceleration and
deceleration from a vehicle was applied to a bench-
mounted fuel tank containing fuel to generate a sloshing
noise, and the physical parameters that were closely
correlated with the sloshing noise were extracted. Next,
computer simulation using an explicit transient solution
method was performed to reproduce the fluid motion
behavior in the tank, and a study was performed whether
or not the physical parameters obtained from the
experiment was useful for predicting sloshing noise. As
a result, it was confirmed that the sloshing noise was
caused by fuel striking localized areas of the inside wall
of the tank. It was found that the occurrence of sloshing
noise could be predicted by analyzing the impulsive
pressure rise at the inside wall of the tank. A comparison
of the computer simulation results with the experimental
results showed that the experimentally observed
impulsive pressure rise could be accurately reproduced
by simulation as well, thus enabling the occurrence of
fuel sloshing noise to be predicted.
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Research on Prediction of Cooling Air Flow in Small Air-cooled Utility Engines
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ABSTRACT

This report describes research on the prediction of the
cooling air field for air-cooled engines using
Computational Fluid Dynamics (CFD). The design of the
cooling air field is very important for engine cooling, a
factor which has a significant effect on engine
performance, fuel consumption, noise, reliability, etc.
However, the flow field is very complex because a large
number of components are located in the flow passages
and the cooling air is generated by a centrifugal fan. In
order to understand this flow field, calculations were
performed using CFD and measurements were taken in
an actual engine. Given practical considerations such as
computing time, modeling time, correlation between
calculation and test results, formulation of a database,
etc., the fan P-Q (pressure vs. volume flow rate)
characteristics and the flow field were calculated
separately when employing CFD. In addition to
visualization using Particle Image Velocimetry (PIV)
pressure measurements and measurements of the P-Q
characteristics of the cooling fan were employed to
measure the flow field in the actual engine. The
correlation between the results of CFD calculations and
measurements was studied. Almost suitable prediction
results were achieved by setting the P-Q characteristics
at the boundary surface of the rotational area, as obtained
from the calculation of P-Q characteristics, as a fan
boundary condition for CFD analysis of the cooling air
field. This research has enabled the qualitative and
quantitative prediction of the cooling air flow of air-
cooled engines.
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Fig. 3 System for measurement of fan P-Q
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Table 1 Measurement system specifications
Measurement standard JIS B 8330
Motor ORIENTAL MOTOR
VEXTA FBLM 5120
Pipe JIS B2238 80A

Volumetric flow rate meter | Japan Flow Control FOX 10A
(Range: 15 - 300 Nm3/h (Accuracy £2%))

YOKOGAWA JP208

Pressure meter

Table 2 Test engine specifications (GX22)

Engine type 4-stroke single cylinder (OHV)
spark ignition

Bore x Stroke (mm) 33 x26

Displacement (cm3) 222

Dry weight (kg) 3.3

Dimensions L x W x H (mm)| 210 x 251 x 249
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Fig. 6 PIV and pressure measurement sections

Table 3 PIV system specifications
Camera
TSI PIVCAM 10-30 Cross/ autocorrelation CCD Camera
Light sensitive pixels 1008 (H) x 1018 (V)
Frame rate (MAX) (frame/s) | 30

Frame straddling time
(MAX) (us)

0.4

Optional system components
TSI LASERPULSE™ Y12-15
Energy (per pulse) (mJ) 12

Repetition rate (max.) (Hz) | 15
Wavelength (nm) 532

Others

Seeding generator

DLR Seeding
Generator LSG-500
(Particle diameter 1um)

INSIGHT™ TSI

Analysis software

Table 4 Pressure measurement system specifications

Pressure probe

| Diameter (internal/external) (mm) | 0.8/1.2 |

Pressure transducer
YOKOGAWA JP208
Range (Pa)

| 0- 100 (Accuracy +1%)
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Corrosion of Zinc Coated Steel:
An Atomic Force Microscopy Study of
Galvanised and Galvannealed Steels

M. F. Fitzpatrick"

Y. Nakazawa” J.E. Castle”?

ABSTRACT

Over the past 20 years the automotive industry has
constantly improved vehicle corrosion behaviour by
exploiting the benefits of zinc coated steels. The
application of zinc coated steel, however, does have
considerable impact on processes within the automotive
industry, the choice of coating type, therefore, can differ
between OEM. Using the surface sensitive technique of
Atomic Force Microscopy (AFM) the local corrosion
behaviour of galvanised steel (Gl) and galvannealed
(GA) has been compared. Three sample models have
been exposed to 5 wt% sodium chloride solution, for
different times, to simulate cut edge, stone chipping and
galvanic coupling corrosion behaviour. AFM was used
to determine the volume of material loss for each time
interval which could then be related to an absolute
measure of corrosion rate. By converting corrosion rate
to current density values the degree of electrochemical
activity of the Gl and GA systems were compared. For
all experimental models GA showed lower corrosion
densities compared to Gl. The cut edge specimens show
Gl to have up to 7 times the current density of GA after
256 minutes. The coupled samples magnify this
difference further with almost no material loss to the GA
coating but a greatly increased corrosion rate for Gl.
This study has confirmed that, by using the specialised
technique of AFM in an innovative way, GA
outperforms GI, where the zinc coating has been
damaged, with its coating sacrificially corroding at a
slower rate.
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1. Introduction

Steel has always been the major material of use in
the automotive industry. In recent times, where there
has been a demand for increased safety, weight reduction
and reduced fuel consumption, steel has demonstrated its
versatility by offering a range of high strength yet
formable new products. Steel, however, is essentially

0 0O Honda R&D Europe (UK)
O O University of Surrey, Guildford, UK

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

unstable and can react immediately with its environment,
when exposed. The corrosion of steel in the automotive
industry can have a catastrophic impact on safety critical
parts and result in unwanted cosmetic defects that are
unacceptable to the customer. Rust has twice the volume
of steel and once the corrosion process has been initiated
protective paint coatings are destroyed allowing damaged
areas to grow rapidly®.
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In an effort to hinder the corrosion of vehicle Body
In White (BIW) and closure panels zinc coated steels are
being increasingly employed by the Original Equipment
Manufacturer (OEMs) on a global scale. The aim isto
reduce weight with no sacrifice to performance, safety
and cost®. These targets have led to design changes
allowing reduction in steel sheet thickness and growth
of materials such as galvanised steel (GI) and
galvannealed steel (GA). Zinc coatings offer protection
to steel in two ways: firstly, zinc acts as a barrier since,
being more corrosion-resistant than steel, it separates the
steel from any possible aggressive environment;
secondly, zinc is less noble than steel and, when coupled
together in the presence of an electrolyte, will
sacrificially corrode to protect the steel. The latter form
of protection is particularly important where a coated
substrate has been mechanically deformed and the
integrity of the zinc coating broken, leaving the steel
substrate exposed, as for example at a cut edge or stone
chip area.

The application of a zinc coating, whilst improving
corrosion resistance, can have a deleterious effect on
other critical aspects of vehicle manufacturing, for
example stamping, welding, painting and cost.
Depending on the desired performance and quality, there
are many different coating compositions and processes
that can be employed by the steel mill. Gl and GA have
emerged over the past 10-15 years as the dominant
coated substrates within the automotive sector®.
Traditionally electro plated zinc (EG) was used, offering
a class A paint finish, however, improvementsin Gl and
GA as well as cost implications have seen a decline in
the use of EG. Current trends in the automotive
application of coated steel indicate that European OEMs
tend to utilise Gl where as Japanese OEMs favour GA.

It is fundamentally understood that the iron-zinc alloy
coating of GA, provided all other factors were equal,
would sacrificially corrode at a slower rate compared to
the conventional pure zinc coating of GIl. Previous
studies have obtained average area corrosion data based
on a macroscopic scale that may not be relevant to the
usual forms of damage observed on BIW for example,
stone chips and cut edges. This investigation seeks to
rectify this deficiency by comparing the local corrosion
behaviour of Gl and GA on a microscopic scale using

Direction

—>

Annealing Furnace

Un-coil

b

Cleaning Zinc Pot

Gas jet wipers \

Atomic Force Microscopy (AFM). Three experimental
models, cut edge, stone chip and galvanic couple, have
been developed to simulate possible on vehicle
electrochemical scenarios. It isintended that the models
help further the understanding of the impact of anode/
cathode ratio on coating composition. AFM offers the
ability to analyse surface at atomic level and, with this
degree of spatial resolution, unique experiments can be
carried out at the coating/substrate interface. AFM, in
the contact mode, has been used to obtain quantitative
corrosion data which can improve knowledge of the local
corrosion at the coating/substrate interface for Gl and
GA.

2. Hot Dipped Zinc Coating of Steel

2.1. Advances in Coating Quality

Hot dipped galvanising of steel is by far the most
common of the zinc coating processes and has existed
for over 200 years®. Most sheet product is made on a
Sendzmir type hot process continuous line, Fig. 1. After
uncoiling, the strip is cleaned, to remove oils and other
surface contamination, before entering the heat treatment
furnace. The annealing furnace heats the strip in a
reducing atmosphere, usually a Nitrogen / Hydrogen mix,
above the recrystalisation temperature at about 700°C,
removing further contamination from the strip. As the
strip leaves the furnace it is cooled, by gas jets, to
approximately 450°C, similar to the zinc pot. Next, the
strip enters the zinc pot, the rate of coating tends to
depend on the steel type with thickness controlled by
immersion time and gas wipers at the pot exit, which
remove excess material. Roller levelling, temper rolling,
inspection, oiling and recoiling compl ete the production
process.

In the automotive industry, as already discussed, Gl
and GA have been increasingly employed over the past
couple of decades. The growing demands for these
products have subsequently coincided with improved
coating quality, properties and processing know how
from steel suppliers. Modernisation of galvanising lines
such as the implementation of automated surface control
devices, greater control of temperature and atmosphere
during annealing and the optimisation of strip cleaning
have led to a more consistent product with tighter

Temper roll

Re coil

Automated coll
inspection

Fig. 1 Schematic of a Sendzimir continuous galvanising line
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tolerances. Zinc pot control has improved, increasing
pot life and reducing costs. The wiping and
solidification area is enclosed in a nitrogen atmosphere
avoiding and reducing surface defects. The purpose of
this review is not to detail the advances in modern hot
dip galvanising but to demonstrate that zinc coated
products available to the automotive industry are
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Fig. 2 Zinc rich end of Fe-Zn phase diagram
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constantly changing and are of a higher quality now than
at any time in the past.

2.2. Gavanised and Galvannealed Steel

Gl and GA are both hot dipped zinc coated steels.
As the steel strip passes though the zinc pot several
specific iron/zinc intermetallics can form. The iron/zinc
system is well understood and has been reported in great
detail previously. The possible phases formed by the hot
dipping processes can be found by examining the zinc
rich end of the iron/zinc equilibrium phase diagram, Fig.
2®, The composition of the coating depends on several
factors; immersion time and speed, the influence of
alloying elements and the application of a post annealing
stage.

The processing route for Gl is, essentially, the same
as described in section 2.1. The microstructure of the
coating is almost completely pure zinc, Fig. 3.
Aluminium (0.2 wt%) is typically added to the zinc pot
to prevent the formation of brittle iron-zinc intermetallics
at the coating/substrate interface. The aluminium reacts
preferentially with the steel forming a thin Fe,Al;(Zn)
inhibition layer, suppressing any iron/zinc alloying. In
the case of GA, however, the growth of iron zinc phases
is controlled and encouraged by passing the strip through
an annealing tower after zinc pot exit, Fig. 4. As the
freshly coated strip passes through the furnace, iron/zinc

MR

T
\ : 5
- e, Y TT1
24T 4= steel

(b)

Fig. 3 Micrographs of the microstructure of (a) conventional Gl and (b) typical GA found in the automotive industry
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Gas jet
wipers
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@

——— Annea”ng
tower

[\

Fig. 4 Schematic highlighting process differences between (a) Gl and (b) GA steel (with annealing tower)

(b)
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phases grow due to thermal diffusion. A coating mainly
consisting of &-phase is preferred by the automotive
industry because of optimum weld, powdering and
corrosion properties®: @,

The iron/zinc alloy coating offers improved
weldability and, due to a corrosion potential closer to the
steel substrate than Gl, enhanced corrosion protection.
Traditionally GA has also offered better paintability to
the automotive industry because of a higher surface
roughness, although since the advent of surface texturing
the paint appearance of Gl has improved. The harder
coating of GA however, poses powdering and drawing
concerns. Finaly, as steel competes more and more with
the lightweight technologies offered by the use of light
metals and carbon composites in the automotive industry,
there have been great steps made in the development of
High Strength Steel (HSS). This has been accompanied
by an increase in the complexity of metallurgy, for
example TRansformation Induced Plasticity (TRIP) steel,
which can potentially be effected by the elevated
temperature of the GA annealing tower®,

3. Experimental Work
3.1. Sample Preparation

3.1.1. Experimental models
In galvanic protection, zinc is less noble or anodic

|:| Fe |:| GA coating

@

to steel in ambient conditions and will sacrificially
corrode to protect steel. The corrosion rate, according
to the Catchment Area Principle, is influenced by the
proportion of the exposed zinc (anode) compared to the
exposed steel (cathode). Taking into consideration
different anode/cathode ratios, samples were prepared in
different ways related to possible scenarios that could
occur on a vehicle. Three experimental models for Gl

and GA were prepared, Fig. 5:

(1) Cut Edge Simulation - Sampleswere mounted in cross-
section resulting in a high iron exposed area (cathode)
to small zinc area (anode). Estimated anode/cathode
ratio = 1:1000.

(2) StoneChipping Simulation - A more specific |aboratory
developed method yielding a smaller exposed iron area
compared to the exposed zinc. Stone chipping damage
can be very random in its nature; however, some
situations will result in alarge anode to small cathode
scenario. Estimated anode/cathode ratio = 24:1.

(3) Galvanic Coupling Simulation - Gl and GA were
mounted together in the same epoxy and galvanically
coupled (sampleswere touching). Theresin block was
then cut and polished so that their individual cut and
polished edges were simultaneously exposed to the
electrolyte.

To prepare the large anode to small cathode sample

a specific laboratory preparation method was developed,

|:| Resin mount material

5% NaCl(ag)
| |

(b)

©

|:| Gl coating
Nacl(aq)

Fig. 5 Schematic diagrams of (a) the cut edge sample (b) the stone chip sample and (c) the galvanic sample.
For (a) and (b) examples of the expected effect of exposure after a given time, t.
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as mentioned above. 15 mm discs were cut from the
steel sheet. The discs were then punched into dome
shapes, described in Fig. 6. The overall aim of this
work is to compare the behaviour of Gl and GA,
therefore reproducible sample shape was critical. A
custom made tool was designed for the “dome” punch
procedure, Fig. 7. Using the tool an 8 mm ball forms
the disc into a dome shape to a fixed height, 0.8 mm in
these experiments. The domes were then mounted in
resin and ground to 4000 grit paper. The grinding
process removed the top of the dome thus exposing an
iron cathode surrounded by zinc, Fig. 6. The samples
were polished to a 1 ym finish and washed in a water
free environment. The grinding and polishing stage was
controlled for each sample to give a tolerance in the
diameter of the exposed material to £0.05 mm.

3.1.2. Ex-Situ aqueous corrosion treatments

Gl and GA material (0.8 mm gauge) was supplied
from three industrial suppliers, samples A, B and C.
Samples were cut and mounted in epoxy resin. The
mounted specimens were first ground with successive
silicon carbide papers, from 320 to 4000 grit, and then
polished to a 1 um finish to give a highly smooth and

Punch dome shape

Fig. 6 Schematic diagram describing the production
of the stone chip sample

=

' e

Fig. 7 Photograph of the custom made tool to make
the stone chipping samples

flat surface. Specimens were usually ultrasonically
cleaned in ethanol, not rinsed in water to avoid initiating
corrosion. Finally the epoxy resin mount was machined
to an appropriate size for AFM analysis

All samples were treated using a 5 wt% NacCl
agueous solution for test periods of 1, 4, 8, 16, 64 and
256 minutes. The treatment was carried out at room
temperature and ambient pressure in plastic aerated
containers. After each treatment samples were washed
using six baths of de-ionised water and ultrasonically
washed in ethanol.

3.2. Atomic Force Microscopy Analysis.

3.2.1. Atomic Force Microscopy

In AFM a sharp stylus, mounted on a cantilever, is
scanned across the surface of the sample under
investigation. The technique differs from the ‘ Talysurf’
type of profilometer, widely used in industry, only in the
sensitivity of the cantilever and the miniaturisation of the
scanning system. In AFM the cantilever deflects
towards, or away from the surface under the influence
of interatomic forces and the scanning system, equally,
has a resolution of atomic dimensions. The deflection
of the cantilever, as it traverses the surface, is measured
by a laser beam acting as an optical lever. The system
provides an accurate representation of the surface with
full x,y,z co-ordinates for each position and a resolution
of around 1nm. The surface can be interrogated in many
ways to provide measurements of roughness and other
relevant surface profiles.

3.2.2. Analysis modes
(1) Height analysis

The simplest quantitative display is the height profile,
which shows the elevation of the features along a line.
The line need not coincide with an original scan line,
but can be an arbitrary line on the image. Measurements
of differences in surface elevation, horizontal distance
between points, and slopes were possible with the image
processing program, Nanoscope |11 Digital Imaging 5.12.

(2) Bearing analysis

The word “bearing” characterises the relative
roughness of a surface in terms of high and low areas.
The bearing ratio curve is the integral of the surface
height histogram and plots the total percentage of the
surface above a reference plane as a fraction of the depth
of that plane below the highest point in the image. By
utilizing bearing analysis it is possible to determine what
percentage of the surface lies above or below any
arbitrarily chosen height (the “bearing ratio”). For
example, bearing analysis is frequently used in studies
of surface wear and friction and in silicon etching
procedures to observe changes in etched features over
an interval of time. In qualitative terms, the bearing ratio
gives a measure of how “jagged” a surface is. In this
study, etching of zinc in zinc coated steel is being
considered, where zinc works as a sacrificial anode. The
protected iron may so be used as a height reference from
which to compute the bearing volume which will then
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coincide with the amount of removed zinc. In practice,
the volume is measured over an area defined by a
rectangle placed over the image on the screen. This area
is used by the software to return the bearing volume in
the form of volume per unit area. This has the units of
depth and is the mean depth of the zinc removed by
corrosion over the area selected. This value can be
processed to give a corrosion rate in more conventional
units.

3.2.3. Local area analysis.

To establish the rate of coating loss it was imperative
that the exact same sample location was revisited after
each exposure time. With small localised areas of
interest, 20 pm?, a simple but effective method to
recognise analysis areas easily was developed, Fig. 8.

3.3. Quantitative Electrochemical Calculation of AFM Data

Bearing analysis of the AFM data gives a measure
of the removed volume of material per unit area for a
given exposure time. This measure needs to be corrected
by subtraction of the initial bearing volume arising from
the natural roughness of the as-polished surface, Fig. 9.
This correction value was determined for the reference
area before exposure. The rate of material loss is an
absolute measure of corrosion rate but can be related to
the values often obtained by electrochemical
measurements. Corrosion is essentially an
electrochemical process that relies on the flow of
electrons from an anode to a cathode. It is possible to
convert known material loss volumes to current densities,
which reflect the degree of electrochemical activity of a
system, in the following manner.

Indents to help
locate analysis position

:

v =)

Depth [um]
0" _ . _ . L
40

10

Depth [um]

Distance [um]

4 min.

Distance [um]

The corroded mass per unit area after atimet, is
given by
m= (Vt' Vo ) Pzn (1)

Where V, is the bearing volume, expressed as volume
per unit area after timet and P, is the density of zinc.

The mean corrosion rate is then
drvdt = (Vi- Vo) panlt 2
at any given time t.

This corrosion rate can be converted to
electrochemical current by the use of Faraday’s laws.
First express the rate in the form of mols of zinc per unit
area per unit time

dM/dt = 1/M-dnvdt 3)

Where M is the atomic weight of zinc

The total electrochemical current, i, is then given by
i = (AnF/M)-dnvdt 4

Where n electrons are associated with the formation
of azinc ion (Zn?") and nF coulombs are released by the
dissolution of the anodic zinc and A is the total area of
zinc exposed to the electrolyte. Thus the current density
is given by

i/A = (NF/IM)-(V;- V, )/t pzn (5)

Whilst the assumption that the coating is 100% zinc
is not true for the GA calculations it does not actually

Distance [um]

8 min. 64 min.

Fig. 8 AFM Images showing the use of Vickers hardness tester indents used to locate sample analysis position
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change the assumption that all removed material is
related to corrosion rate dm/dt. Automotive grade GA
is predominantly &-phase which has a composition of
about 90% zinc and 10% iron. The final location of the
removed iron is not known, back deposited or left behind
on the coating surface as mobile species are possible
outcomes. In any case, the volume of material removed,
as measured by AFM, relates exactly to the
electrochemical current flowing. The net effect of the
iron contribution in the coating on the calculation is
relatively small, appearing only in the molecular mass
and the density terms of Eq. (3). For the purposes of
this study this small correction has been neglected.

4. Results

4.1. Cut Edge Samples

Fig. 10 shows a graph of removed volume against
time for Gl cut edge samples. The plot of removed
volume against time is representative of corrosion rate.
Following the sequence of calculations described in
Section 3.3. all the removed volume values can be
converted to charge, for each respective time intervals,
Fig. 11. Graphs of charge against time make inferences
about current density for a particular system. Using the
values plotted for each time interval, however, only
indicates the average current density to the respective
point in time. Taking the tangent of the graph at a point
in time will give the instantaneous current density, as if
measured by the electrochemist using conventional
methods. As can be seen the value is essentially
constant after about 100 minutes. It is these values taken
at 256 minutes, which are shown in Table 1 and
compared against GA values.

For a GA sample the rate of loss of coating was
much slower than for Gl. Taking into account
experimental tolerances only data at 256 minutes could
be used. The data for GA values at 256 minutes,
therefore, is representative of instantaneous current
density values, Table 1.
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Depth [um] l ;

o . Steel

Distance [um] Distance [um]

After polish, Before etching:
BV/BA = 0.363 um? / um?

Fig. 9 AFM Images of zinc/steel coating interface at (a)t, before exposure and (b) t

Depth [um] [

g

Table 1 Current density values for Gl and GA for cut
edge samples

Current density (uA / cm?)
Sample A B C
Gl 36.8 27.6 11.0
GA 8.4 6.1 5.9
1.0
0.9 1
0.8
-~ Sample A
0.7
A Sample B
0.6
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0.5
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Fig. 10 Removed volume [um?] against time [min]
for cut edge Gl samples
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Fig. 11 Charge [C] against time [min] for cut edge GI
samples
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4.2. Stone Chipping Samples

It is not the intention of this study to compare
material across different suppliers and for this reason
only sample B was analysed for the stone chipping (and
galvanically coupled) model. Previous results have
shown sample B to offer data in between the other
samples and so would offer representative data for Gl
and GA. The calculated charge data for the stone
chipping model for Gl is shown in Fig. 12. In order to
take into account the whole data set and reflect that the
zinc coating has been sacrificially removed an average
current density has been shown. The instantaneous
current density at 256 minutes is so small that its value
could mistakenly be thought to indicate that little or no
coating loss has taken place. This was the case with the
GA sample hence no data is given.

4.3. Galvanic Couple Sample

No significant loss of GA coating was observed on
the galvanic coupled sample. The current density values
calculated for the GI coating, however, were significantly
higher than previously observed. An instantaneous
current density value of 85.6 pA/um?was calculated at
256 minutes. Fig. 13 shows a graph comparing the Gl
values for a cut edge sample and a galvanic coupled
sample.

At 256 min. CD =0.2 uA / cm?

50000 ———————————————— ==
— P P
40000 | -
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=)} ”
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10000 | P
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0.“’ ‘
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Time [min]

Fig. 12 Charge [C] against time [min] for stone
chipping sample (Sample B only)
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Fig. 13 Comparison of charge [C] vs time [min]
curves for Gl coupled and GI cut edge
sample from sample B

5. Discussion

The local corrosion behaviour of zinc coated steel at
the coating/substrate interface has been studied. The
performance of Gl and GA has been compared in
different situations, in the context BIW exposure, taking
into consideration different anode/cathode ratios and the
galvanic coupling of the different substrates. This study
has taken advantage of the high spatial resolution AFM
offers, to develop a novel method for the study of local
corrosion activity at an interface. Current density values
for the different substrates and experimental models have
been calculated from raw data measured by AFM.

It is already understood that, due to its zinc/iron alloy
coating, GA is expected to sacrificially corrode at a
slower rate than Gl. In two of the experimental models
investigated corrosion of the GA coating was so small
that it could not even be measured by AFM. Only
analysis of the cut edge samples gave quantifiable results
for both Gl and GA. The GI results, shown in Fig. 10,
indicate quite a large variation between samples. The
GA values, whilst much lower, show less variation
possibly suggesting that GA offers a more stable
corrosion protection coating. One explanation,
considering the process route differences, could be that
the annealing furnace for GA has a stabilising effect on
the coating across all suppliers.

The initial corrosion rate of the Gl samples is almost
linear before slowing with time. This indicates a change
in the local corrosion behaviour with time due to
concentration polarisation; as zinc corrodes and becomes
deeper relative to the steel corrosion slows. Thereis also
variation in the rapidity of initial corrosion of Gl with
sample A having much higher values than samples B and
C. The instantaneous current density values of Gl are
considerably higher than those for GA. The current
density values for GA were so low in the initial stages
of corrosion that only a value at 256 minutes could be
calculated. Cut edge protection is a critical area for
vehicle BIW. Often paint protection at a cut edge can
be at its thinnest and coupled with poor burring
properties can act as site for the early onset of corrosion.
From the results in this study it has been confirmed that
GA offers improved substrate corrosion protection. For
some OEMs, however, the cosmetic red corrosion
product of GA is not acceptable, resulting in the
selection of a coated substrate to be determined by
performance priorities, opinions and experience.

The stone chipping model exposure tests resulted in
corrosion rates and current density values that were
significantly lower. For GA samples no quantifiable
coating loss was measured. Even for Gl the current
density values were much lower; indeed the
instantaneous value at 256 minutes was as low as 0.2
pA/cm2, The initial corrosion rate, once again, is much
higher and an average value at 256 minutes is shown in
Fig. 12. The lower current density values were
expected, as a result of the reversal of the anode/cathode
ratio from 1:1000 to 24:1. The large drop off in rapidity
of corrosion was not so expected, but can be explained

0 1140



Corrosion of Zinc Coated Steel: An Atomic Force Microscopy Study of Galvanised and Galvannealed Steels

by sample geometry. The stone chip sample, to all
intense and purposes, is a polished dome. If a sequence
of AFM height analysis curves is considered, Fig. 14,
the etching of the zinc can clearly be observed on the
right hand side of the figure.

After punching and grinding, the coating/substrate
interface is not perpendicular to the surface but is sloped,
Fig. 6. The local depth of the underlying iron
determines the maximum depth to which the zinc can be
etched. These geometric limitations could at some point
cause a rapid drop off in the corrosion rate and explain
the results shown in Fig. 12. Another reason for the
drop in corrosion rate could possibly be that in the early
stages of corrosion a thin oxide layer protects large areas
of the coating surface, thus reducing the size of the
effective anode. As this oxide dissolves so the area of
exposed metallic zinc increases changing the anode/
cathode ratio and slowing the rate of corrosion.

Consideration of the galvanic couple results shows no
attack to the GA coating. There is, however, arelatively
high current density value for the GI sample. The
instantaneous current density value of 85.6 pA/cm? is
considerably higher than the cut edge sample. The
corrosion rate of the GI in the galvanic sample is due,
as the name would imply, to the fact that it galvanically
protects not just its own substrate but the whole of the
GA sample as well. This affects the anode/cathode ratio

Section analysis

Coating direction
. B =
Steel §
(0]
=
Depth [um] k-
(0]
@

S\

Distance [um] Distance [um]

greatly with corrosion rate increased. Even though the
GA coating is in direct contact with its respective steel
substrate, the composition difference between the 6-
phase and the pure zinc of Gl is sufficient for a large
galvanic effect between the two substrates when
connected by an electrolyte. For vehicle BIW that are
predominantly GA the introduction of GlI, for example
for cost benefit, should be considered carefully. Other
concerns such as joining methods may have been
countermeasured but if galvanically connected and
exposed to an aggressive environment the corrosion to
the GI part would be significantly accelerated.

For the first time local current density values for a
metallic coating/substrate system have been obtained.
The areas analysed and volumes measured could only
have been examined using AFM. The benefit of local
values ensure that no external influence, such as coating
defects, affect the analysis. As with any small area
analysis technique a certain amount of caution must be
employed when considering results as representative of
alarger area. The method developed in this paper is not
limited to GI and GA coatings. Metallic coatings play
an important role in the automotive and other high
profile industries. The measurement of coating loss and
subsequent conversion to electrochemical data can help
further understanding and development of other coated
materials, applications and systems.

Steel - Coating
n
n
n
u 0 min.
| |
| |
| |
| |
| |
| |
| |
- .
= 16 min
n
n
n
| |
| |
| |
| | 5
n ; .
m 64 min
-'.
n
=
n
n
n
| |
| |
]
[ ] .
» 256 min
|
n
n
n
n
n
10 20 30
Distance [pm] B

Fig. 14 AFM Height analysis curves describing the corrosion evolution of a GI sample from 0 minutes to 16, 64

and 256 minutes exposure.
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6. Conclusion

Thisinvestigation has studied and compared the local
corrosion behaviour of GA and Gl at the coating/
substrate interface by using AFM.

Three experimental models have been developed to
simulate different possible BIW corrosion scenarios;
cut edge, stone chipping and galvanically coupled.
Electrochemical activity of the different coating systems
has been compared as a result of controlled corrosion
experiments. Massloss data, measured by AFM, offers
an absolute corrosion rate, these values have been
converted to current density values permitting
conclusionsto be made concerning the coating systems
corrosion performance.

For each experimental model the Gl coating corrodes
at afaster rate than the GA coating. Theinitial corrosion
rate for Gl is greatly accelerated, and, as demonstrated
by the cut edge samples exhibits alarger variation in
corrosion performance compared with the more stable
GA data. As expected the anode/cathode ratio has a
significant effect on corrosion behaviour.

For the stone chipping model, steel remains cathodic
to the coating however, corrosion isslowed significantly
(for GA, material lossis amost zero).

By galvanically coupling the two systems, Gl
sacrificialy protects al exposed metal. The changein
anode/cathode ratio therefore greatly increases the Gl
coating corrosion rate.

For the first time amethod has been devel oped to study
thelocal electrochemical activity at a coating/substrate
interface. The novel use of AFM has allowed the
corrosion behaviour of Gl and GA to be compared.
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ABSTRACT

A hexavalent chromium-free surface treatment has
been developed for automotive parts which provides a
coating possessing equivalent anti-corrosion performance
and friction characteristics to conventional chromate
layers containing chromium(VI). The treatment forms a
passivation layer of trivalent chromium and metallic
chelates at the interface with the zinc, while uniformly
covering the surface with a protective zinc layer. It is
an unusual feature of this process that a single procedure
is able to form a double layer. Optimization of the
amount of silica added has enabled the achievement of
friction characteristics equivalent to those of
conventional chromium(VI) chromate layers. The new
surface treatment has resulted in a reduction in the
amount of hexavalent chromium used in the production
process and present in finished parts.

gooogd

gbobobobobobooobooboooboooboooban
obobooboooooooboooobooboboboog
OO0 EBUELVO M ODOOOODODOOODOOOMmMOO
O00OAnnexIOOD0OD20070000000000O0O0O
gbobooboooboobooobooboobobobobooo
tnmimOo000000o00ooo0oooooooooon
omoooooooboooomobooooooooo
obobooboooooboobobobooooooon

gooogoooo

gbobobobooboobooooboooooooooboon

gooobobooboooooobboobooooooboooboooog
obobooboooooooboooobooboboboog

gobogo

https://doi.org/10.69239/hondatechnicalreview.2005 17 1 18

ooobooooooomoooomoobboooooo
gboboobooooooooooooobobobobo
gboboooooobooo

21. 0000000
goooobobobobbooooooooooooooooon
oomoooo0o-oooooo""ooooogooog
ooboobooboo
gbomooooooooobooooboooboboobooo
gbooboooomoooooooboobobom
gbomooooboooooooboobooobobobobbbbbob
oooooooon
gboboooooobobobobooog
gomobobobobooooooooooooobooon
gboboboooboobooboboboboobooooo
gomobobooooooboooooooboobooooooobo

0 1170



Honda R&D Technical Review

Vol.17 No.1 (April 2005)

goooomsooobomoboomeocbbmuooooa
gbobobmooobs-3ouboooooooomao
goooboooboooooobooooooooboobooooooo
gboboooooobooboboobobobobooog
gooobooobooooooobooooooobooboooooo
gooobooobooooboooboooboobooobogo
gomobooboobooooooobooboboboban
gboboooooooboobobobobooooooo
goooooboooooobooboooooobobooooooon
gbobooooooobooboboboboboooooo
gboboboob
gooooooooboobobooobobooobooooboo
gbmooooooooboboboobooooooooooo
oboobobooooooooobogoo
gbmoobooboboboboboboboboobon
gboobooooooo
gbmoooobooboooobooobobooooboooboboooobo
gbooboooooooogo

22.000000

221. 00000000

goobooboboboboobooooooooooon
gobobooobobooooboooz-10p mmonOO
goobooooooobooboboboboboooooo
gbobooooooobooboboboobooobooobooob
gbobooooboooboobobobobobooboooo
gboboooooooboobobobobobooooo
ooooooeemepOoO000ooooooooooon
gbobooobooobooobobobobobobooboooo
gbobooooooboobobobobobooboooo
gboboooboooooboobooboobobobobooo
gbobooooomuoomobobobooooooo
gboboooboooboooboobobobobobooooo
gopoogo

oo0oooooooooooooooooosmoooon
gboboooooooboboboboboboboooo
gooobooobooooooboooooooooobooooooo
gboboooooooboobobobobobooboooo

<Conventional> <Chromium(VI)-free>

NI

Chromate (with Cré+)

lica |
\\\if\g\a{\i\

Cr3+, metallic salt layer

Fig. 1 Chromate layer

gboboooobooboboobobooboooo

goooooboobobooooooooooooooooo
gbobooooooobobobobobobooboooo
gobobooooooobooboboboboboooooo
gboboooooooboobooboobobobobooo
00 O000O000Dog Fig.1t oooo

222. 00000000000

gooboobooboboboobooooooooooo
gbobooooooobooboboboboboboooo
goobooooooobooboboboboboboooo
gbobooooooobooboboboboboooboooo
gbobooooooobooboboboboboboooog
goboooboooboobboobbooobboon
gooboooooooboboboboboboooooo
ooo0o0o0ooooooo"omoOomomooooon
g0o000- 0Db0O00 Fig.2O0ODOO

T,=T.+T,=KFqd ooo

K—L(—P+usd seca+uwa] oono

2d
[TOOO0OO0O0OO0 TOODOOOO T0000000]
KODOODOO  FOOO d0000
PO0ODODO p 00000000 d0000000
p,0000000 000000000000
| DO000000O0000000000

gbobooobooooboooobooobbooobbooooo
goooboooboobooboboooboooboooobooooboooon
gboboooooooboobobobobobobooo
gbobooooooobooboboboboboooboooo
gbobooobooooooboobooboobobobobooo
gobobooooooooooboooooooboboooooo
gbobobooobooobooon

goobooboboboboobooooooooooo
gbobooboooobooobooooboboboboonog
oooooooooPeEsooooooooooooon
gbobobooobooobooo

Tension (kN)

o

Torque (N-m)

Fig. 2 Example of torque-tension line

0 1180



gbobooboboooooooobooon

goooooood

gboboboboobobooboooooooooboan
obobogoobooooobooboobooboboboboooo
oooDoO0O0Oo 30400000 154000000000
goboooboooboooboomoobobooboooboo
omooooobbooobobooooebsoooooDoOoO
oboomoooooooboooooobooboboobooo
ooo0oo0oooo0og Fig.3 0000

goobob 1wo-1sonmipboboboooooogon
ooooDoOooooooooboosonmOO0OOCOO0DOO
oooooooboooooboobobbbboboooooo
gboboooooobogooo

gboboooooboOoSsENDDO0Ooooooomoon
ooo0D0O0 SseMUOO Fig.4O00OOOODOOOOODOO
goboooooboooobooooobbooooooo

Zn

Cr
Metal element

T T
0.0 0.1 0.2 0.3 0.4 0.5
Depth direction (um)

Concentration of component elements (wt%)
[6)]
o
|

Fig. 3 Depth profile of element concentration in
chromium(VI)-free chromate on zinc

Chromium (VI)
chromate layer

Zinc layer

Chromium (VI)
-free chromate
layer

Zinc layer

Chromium(VI)-free chromate on zinc

Fig. 4 Surface cross-sectional structure of
chromium(VI)-free chromate on zinc

gbobooboboooooooboooboooboooboooban
gobooooooobooboooobooobooooobooobooo
gboooobooooboooboooboooboobooboon
O00O0OOD0oOoODoDoD Fig. 50000

gboboboboooobooooboooboooooboooban
goooogo

gbmoooboobobobooboooboon
ooMmoboooboog pHOO
gbmoooboooboooooobooboboboban

oooooooooooooooooooooooon
ooooo

oomooooooooo

goboooboboo

41.00000000000000

gbobobobobobooobooboooboooboooboan
OOFig.600O00OOOMmMSSTIOOOOODOODODODOOO
gboboooobooobooboboboboooooo

gooboobobobooboobooooooooobooo
gboboooboooobooobooboobooboobooo

Concentrated silica layer

sioz O sz  so2
| A
Sio2 | Si02 gjo2

O—sSi—O0

Trivalent chrome compounds,
metal chelate salt layer

Chromate layer
N

Fig. 5 Diagram of structure of chromium(VI)-free
layer on zinc

400

o
w

300
0.2

200

of white rust (h)

©
=

(O \White rust

® | ceeee W Thickness

Time to occurrence

—_
o
o

Thickness of chromium (VI)-free
chromate on zinc (um)

o
o

0 » high
Silica content

Fig. 6 Relation between amount of silica added and
time to occurrence of white rust

0 1190



Honda R&D Technical Review

Vol.17 No.1 (April 2005)

42.00000000000000000OD

gbobooboboboboobooooooooobooon
gboboooboooboooboobobobobobooboooo
gbobooooboooboobobooboboobooboboo
gccTooooouoooboooooooooobooag
00000000000 Fig. 70000

gboboobobobobooobooooooboooboon
gobobooooooooooboooooooboboooooo
goooboooboooooooobooooooooboooooo
gbobobooboobooboboboboooooo

gboboooboobooboooobooboobobooboon
ooggd

Chromium (VI)-free

Without With
metallic salt metallic salt

Conventional

Scratch Scratch

. ¥

cycles

22
cycles

Fig. 7 Corrosion resistance of chromate on zinc with
metallic salt around scratch (CCT)

W225-25
W20-225
W17.5-20
m15-17.5
m125-15
O10-12.5
O7.5-10
05-7.5
025-5
0o0-25
m-25-0
m-5--25
W-75--5
m-10--75
Current density
(uA/cm?)

Current density
(uA/cm?)

Without With
metallic salt metallic salt

Fig. 8 Time variation of corrosion current density
around micro-hole on zinc chromate

OOSVED OO OOOO0OOvey
IlmmO00000000CO0D00OCO 10ppm NaCl O
oooooooooooooooooooooooooFig.
8 0000000 025hdJ05h02h 000000000
god
goobooboboboboobooooooooobooo
gbobooooooboooboobooboobobobooo
0000000000000 O0O0O 20 A/cm2O0O0O0O
gboboooooooboobobobobobooboooo
gboboooooooboobobobobobooooo
O0002h00000oooooood
goobooboboboboobooooooooogoo
gboboooooooboobobobobobooboooo
0000000000000 0000Od 5p Azecm20O000
gboboboooobooboobooboobobooboooo
gomooo
gboobooboboboboooboooooooooboon
gobobooooooobooboboobooboboboog
oMmbl1i0001oviDOoOooOOMFig.OMooooOO
gobobooobooooooobooboobobobobooonog
gboboooooobooobooooboobobobooo
geug
gbobooboboboboooooooooooboan
goobooog
gbmooooooan
ooooooooooooooooo Hooo,acl o
gboboooooooboboboboboboboooo
gobooooooooooooooooboboobooooo
oooooUoooomceclifmoooooooooooo
O0000ooooomzen®®@MmOo000oooooon
goano
gomoooooooogoo
gbobooboboboboooboooooooooboan
gboboboboooogoogon

Zn - Zn?" O 2e°

-0.7

—~ 0.8 |eeee Without metallic salt
[m ) i
O _go = With metallic salt
& O
g -0
> -14
~
S -1.2
<
o -13
o
o -14
-15 I I I — I
108 107 106 105 10* 103 102
Current density / A-Ecm
Fig. 9 Polarization curves of chromate on zinc with

metallic salt

0 1200



gbobooboboooooooobooon

gboboooobobobUbebobooooonDoOonn
MO MOoooo0o0ooo0ooooooooooooo
MXmoobobooboooooooooo

M™2 0 ne” - MM2mE 00
X(mﬂ mi 4 M(m!’ n)d N MX

gboboooobooboboboboooo pHOODO
oboboobooooboooboboobooboboboonoog
gbobooboooobooobooooboboboboonoo
ooobooooo

Cr°0 6H,0 - 2Cr(OH), + 3H,

43.000

goboboboboobobooboooooooosog b
gbobooboooooboooboooobobobooboooo
gooooboboooooooboooooobobooobooooo
ooopoooon Fig.1o0 OODOO

ooboooboboooboooboooobobobooobooboo
gboboobobooobooooooooboobobobono
obooboooooogooog

Fig.11 ODOOO0O SSTOOOODOOOOOOO

goobobobooboobonbo spuboboboboooo
gboboobooobooboooboobooboboboboonoo
ogboboooboooooooboobooboboboboooog
gooo

With heating

Without heating
80°C x 240h | 120°C x 240h

Conventional|
chromate

Chromium |3
VI)-free
chromate

Fig. 10 Surface property of chromate after heating

400
=== Conventional
= Chromium (VI)-free
8 _ 300 O O OOy
§5 Fe T ~ ‘
5%
o2
S g 200 \
o=
\
(o)
= © 100
= Q
S~ —y
| | | | |
Not heating 60 80 100 120
Heat temperature for 240 h (°C)
Fig. 11 Heat resistance of chromium(VI)-free on zinc

(SST)

ggboboooobooobbooboboo

gooooobobbbobobobooooooooooooboo
gobooboooboboooboooboooossToboooogo

Fig.12 0000000000 0ODOOFg. 130000
gboooooogo

gbobobobobobobobooooooooo
oboboobooboooooboooobooboboboono
goooobobooooooobooobooooooooooooo
oboboooooobobobobooooo

gooooooooouoooooooooo

gooooooobbbboooooooooooo
goooboboooooooboboobooooooooboooooag
00 Fig.14 OO0ODO

goooooooboobbbbobbooooooooon
gboboooooooooboobobobobobooog
gooooboboooooooboooooooooooooo
obobogoobooooooobooboobooboboboog
gbobooobooobooobooboobooboboboboooo
gpooooo

500

400

300

Dipping time : 40sec

Time to occurrence of white rust (h)

200
10 20 30 40 50 60
Processing temperature (°C)

Fig. 12 Relation between processing temperature
and time to occurrence of white rust (SST)

500

400 [

300 [
Processing temperature : 30°C

Time to occurrence of white rust (h)

200
10 20 30 40 50 60

Dipping time (sec)

Fig. 13 Relation between dipping time and time to
occurrence of white rust (SST)

01210



Honda R&D

Technical Review

Vol.17 No.1 (April 2005)

gbobooboboboboooboooooooooboon
goboooooooooooboooooooboboooooo
gboboooboooboooboobobobobobooboooo
gbooboooogo

googd

gobobobobobobooboooooooooon
gboboooooooboobobobobobooboooo
gobooboooooooooobooooooobooboooooo
ooooooobooooooooobboooosstoog
Fig. 150000000000 Fig.16 OODODO

Y \C)/':’-D

Torque coefficient

Conventional 0 — P High
Silica content

Fig.14 Relation between amount of silica added and
torque coefficient

O Conventional
B Chromium(VI)-free

600

A1

Number of barrels

N

o

o
T

N

o

o
T

Time to occurrence of
white rust (h)

Fig. 15 Corrosion resistance of 10 consecutive
barrels in facility

Range of
Chromium(VI)
€ -free chromate
0
EEREREEE]
| FREE
8
e X Range of
=3 conventional
° chromate

1 2 3 4 5 6 7 8 9 10

Number of barrels

Fig.16 Torque coefficient of 10 consecutive barrels
in facility

gboboobobobobooboooooooooboan
gooboboooogon

goooooboooOoooboooobbooooooend
gobobobooooooobooboooo

ooooooboboo

goobooboobobobooboooboooooboooboon
gboboooooooboobobobobobooboooo
gboboooooooboboboboboboooooo
gbobooobooooobooboboboboboboonoo
g0o0oboDoOooO0o0ooobooOCbooO0oO0oooonoFg.17-
190000

gooboobooboboboobooooooooooo
gboboboooboobooboobobobobooboooo

Conventional
;

Chromium(VI)-free
. ' T =0

“

Fig. 17 Attachment bolt for stabilizer (front)

Chromium(VI)-free

Fig. 19 Brake hose attachment nut (front)

gogood

gbobooboboboboooboooooooooboan
gbobooooooobobobobobobobooonoog
gboboooobooboobobobooooo
gomoooobooboobobooboboboboboo
gboboboboboboboboboboobogan
gbooboooobooboboboooog

0 1220



gbobooboboooooooobooon

gbmooboobobobobobobobobobonon
gboboboboboboboboboboobgoo
gbooooooobobobobobooooboooboon
oomoobmoooo™oobobobooobooooo
gboboboboboboboboboboban
gooooooooo
gbmoooooooooooooobooboobooboboobooon
gbobobobobobobobobobooobgoo

gbobooooooboooboobobob

oobmooooboboobooboooboobooooo
gbobobobobobobobobobooobogan
gbobobobobobobooboboboobogoo
gbooooooooboobo

nougooon

000000 2005 0000 LEGEND DOOODOOO
go0ob0ob0O0o0b0O0obDO LEGEND DO0OO0O0OgD
ooooooooogng Tablet DOODO

Table 1 Application of chromium(VI)-free materials
and relevant parts
. nventional i E R
Base materials gr?ro\r/ﬁiurlr?(val) g:\;g{g;)unﬂr\]/tl) free Application
Chromium(lll) Fastener
. Yellow chromate white chromate .
Zn plating Chromium(iih Pipe
romium
Black chromate black chromate Caliper
f Brake pipe
- Chromium(lll)
Zn-Ni plating Yellow chromate p
white chromate Fuel pipe
. Chromium(lll) Hose metal
Sn-Zn plating Yellow chromate | \“uie ohromate parts
; ; Fastener
Eg:g;ﬁgiggggﬁng Chromate binder | Silicate binder Sta
y
i ; Epoxy resin Brake pipe
a?itr;gcr)rrosmn SrCrO4 pigments
p Mg pigments Fuel pipe
Zirconium salt
Al wheel
Aluminum Chromate Titanium salt
Anode oxidation Wiper arm
Engine head
Magnesium Chromate Zirconium salt cover
Oil pan

gooo

0 O OCommunity legislation in force : (Directive 2000/53/EC
of the European Parliament and of Council of 18
September 2000 on end-of-life vehicles ). Official Journal
L269, p.34, 21/10/2000

0 O OCommission decision of 27 June 2002, amending Annex
Il of Directive 2000/53/EC of the European Parliament
and of the Council on end-of-life vehicles, Official Journal
of the European Communities, L170, p.81-84(2002)

00000000000 0ODO0OA40,p.1(1996)

00000000000 00D0000000077,p.1042(1991)

000000000000 DO0ODO0OD 46, p.95-102(1997)

0000000000000 49, p.221(1998)

gdbodbo:booobbuooobbuooobbuooooo
p.167-168(2002)

0000000000000 0ODO0OD41, p.9(2004)

0000000000000 D 54, p.806(2003)

glo0d0o00oonogndn 44, p.660(1993)

01100 000000000000 053, p.66(2002)

e000m

ogoono

googano

googno

0 1230



https://doi.org/10.69239/hondatechnicalreview.2005 17 1 19

ud

Jguboogtdbobotgdgood
oottt

Development of Aluminum Alloy Rear-wheel Hub with Lightweight and High Strength
for Off Road Motorcycles

goooooge
Mikio UCHIYAMA
goooooge
Kyo TAKAHASHI

ooogoog-r
Masaki AGATA
ooogoog-r
Yasuki ITO

good

gboboboboooooooooooooooooon
gboboooooboboooboobobooobooboooboon
gboobooooooobooboboboboboooooo
gbobooooooobobobobobobooboooo
gboboooooooboobobobobobooboooo
gobooboboooboooboobooobooboooboon
gboboooooooboobobobobooooooob
ooooo0ooooooooooogASsiMgooooonO
gbobob Tso000oooooobobobooobon
oodzrboggooosooooooooooooog
gobobooooooooooooooobobooboooooo
gboboooooooboboboboboboboooo
goboooboboooobbooobobooobooboogiean
gooobooooo

ABSTRACT

A rear-wheel hub with lightweight and high strength
that satisfies the needs for motocross riding and
contributes considerably to the vehicle mass reduction
has been developed. To reduce material, a hollow
structure is used in the thick section of the flange on the
sprocket side of the wheel hub, which transmits driving
force. The thin-wall design is employed in the straight,
cylindrical section of the hub. To maintain necessary
strength of the structural part, the die-casting method,
which is most suitable for a thin-wall product, is applied.
With regard to the casting, the inner structure quality is
ensured by applying a molten metal treatment, reducing
the amount of gas by evacuating the cavity and providing
a squeezing function after plunger gjection. As for the
material, an Al-Si-Mg alloy is employed and T5 heat
treatment is applied. Thus, the yield strength is improved
by 27% and the tensile strength is increased by 30%
compared to the conventional material.
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Fig. 1 Appearance of CRF450R and developed
wheel hub
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ABSTRACT

A low-cost material for engine exhaust valve seats
has been developed with the aim of a positive use of an
oxide layer. A cost reduction of more than 40% has been
attained while maintaining the same or better anti-wear
characteristics and machinability as current materials by
the optimum designation of density, the optimum
addition of secondary hard particles and the special
consideration given to the basic iron powder shape for
microscopic vacancy without using a special molding
method such as repressing and resintering (2P2S), copper
infiltration, resin impregnation, nor using a high cost
material such as Cr-Mo-Co, Co, or Ni powder to
improve the generation of an oxide layer.
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ABSTRACT

A highly accurate method of camera calibration
which works by tracing the light rays incident on the
camera has been developed. In this method, the relative
position of the point light source is adjusted to position
the point light source image in the center of each pixel.
Afterwards, the relative distance to the point light source
is changed and the relative position of the point light
source is adjusted again. A three-dimensional locus of
the incident rays to the two point light sources obtained
is then estimated from the relative positions. This
procedure can be used to determine the relative positions
of multiple cameras. The accuracy of the method was
verified by calibrating a stereo camera and estimating the
three-dimensional position of the point light source. The
camera calibration method displayed identical accuracy
for an image across an irregularly warped shield, which
is conventionally a difficult condition for calibration, as
when no shield was present. In addition, it was
confirmed that there was deviation from the pinhole
camera model (no crossing of incident rays).
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