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ABSTRACT

The new FIT, designed with the goal of making it
the “best compact car,” was created under the overall
concept of the “Next New Small.” Universal values
demanded the world over were realized in its compact-
automobile design, engine performance (agility),
economic value, versatility (space), safety, and eco-
friendliness.

The design team created an exterior design that
incorporates roominess with the advanced “super-forward
cabin.” They combined it all with the “super-forwarding
form” concept that expresses the dynamic ruggedness of
the frontward-leaning frame giving the new FIT a unique
feel and look.

For the interior, the designers created the new cabin
under the concept of an “advanced-feel personal
interior,” with the fusion of a compact cockpit and a
roomy, exhilarating space. The result is enhanced
functionality, including an easy-to-use, simple seat
arrangement, in a new FIT that is a thrill to drive each
time you slide behind the wheel.
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Development of i-VTEC Gasoline Engine for 2008 Model Year Honda FIT
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ABSTRACT

Lightweight, compact 1.3-L and 1.5-L 4-cylinder
SOHC i-VTEC gasoline engines were developed that
achieve a balance of environmental performance (low
fuel consumption, low exhaust emissions) and high
output. The 1.3-L model employs a 4-valve cylinder
head, VTEC that operates with one intake valve inactive
for rapid combustion, and friction reduction technology.
As aresult, it achieves 24-km/L fuel consumption in 10-
15 mode as well as high power with 73 kW of maximum
output and 127 Nm of maximum torque. The 1.5-L
model has a high-output VTEC for a maximum output
of 88 kW and maximum torque of 145 Nm, the same
friction reduction technology as that of the 1.3-L model,
and achieves 19.6 km/L fuel consumption in 10-15
mode. The technology for low exhaust emissions
includes a close-coupled catalyst, high-accuracy adaptive
air-fuel control, and a cylinder head with integrated
exhaust manifold, the same as that employed in the
CIVIC. As aresult, using the 10-15 and JCO8C mode,
the engines to be used in all 2008 FIT models have
achieved an emissions level 75% below the level
reguired by Japanese 2005 regulations.
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Table 1 1.3L engine specification

2008 model FIT

2002 model Fit

Engine code L13A (Developed) L13A (Conventional)
Cylinder configuration In-line 4-cylinder In-line 4-cylinder
Bore x stroke (mm) 73.0 x 80.0 73.0 x 80.0
Displacement (cm?®) 1339 1339
Compression ratio 105:1 10.8:1
. SOHC i-VTEC SOHC
Valve train 1 intake valve inactive i-DSI
Number of valves 4 per cylinder 2 per cylinder
Valve diameter (mm)l IIEr; gg i ; ‘;g i i

Gasoline

Regular (RON91)

Regular (RON91)

Max. power (KW/rpm)

73 /6000

63 /5700

Max. torque (Nm/rpm)

127/4800

119/2800

Exhaust port

Inlet port

Fig. 1 Section view of exhaust manifold-integrated
cylinder head

Exhaust \ )

rocker arm

> Rocker shaft

Inlet rocker arm

Fig. 2 Section view of exhaust manifold-integrated
cylinder head

Aluminum-plastic
hybrid intake manifold

Intake manifold
with EGR passage

Fig. 3 Configuration of air intake system
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Table 2 1.5L engine specification
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2008 model FIT

2003 model Fit

Engine code

L15A (Developed)

L15A (Conventional)

Cylinder configuration

In-line 4-cylinder

In-line 4-cylinder

Bore x stroke (mm) 73 x89.4 73 x89.4
Displacement (cm?®) 1497 1497
Compression ratio 104:1 104:1
) SOHC i-VTEC SOHC VTEC
Valve train High-output VTEC 1 intake valve inactive
Number of valves 4 per cylinder 4 per cylinder
) [n. 28 %2 275x1
Valve diameter (mm)l Ex. 23 %2 23 x1
Gasoline Regular (RON91) Regular (RON91)
Max. power (KW/rpm) 88 /6500 81 /5800
Max. torque (Nm/rpm) 145 /4800 143 /4800
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ABSTRACT

A metal pushing V-belt for usein anew 1.5 L class
torque converter-type CVT (TC-CVT) has been
developed.

Because torque is amplified by the torque converter,
a TC-CVT places a greater load on the belt than a
conventional starting clutch-type CVT (SC-CVT), and
the new V-belt therefore had to be able to cope with this
increased load.

In order to fit the developed belt for this more severe
use environment, the shape of the elements was modified
to increase strength, and the accuracy of the shape of the
rings was increased by reducing the high order of
curvature component, resulting in more stable dynamic
behavior. In addition, the hardness of the surfaces of the
rings was increased in order to enhance wear resistance.

A noteworthy feature of the developed metal pushing
V-belt is the fact that specifications enabling use in a
1.5 L class TC-CVT were achieved using only nine
layers of rings.
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Fig. 1 Newly developed metal pushing V-belt

Table 1  Steel belt specifications

Current Developed

CVT type SC-CVT TC-CVT

Shaft distance (mm) 143 156
Width (mm) a 9.15 9.15

@ | Thickness (mm) b 0.184 0.184

X | Diameter (mm) ¢ 191.7 208.8
Number of rings 9 /Each side | 9 /Each side
Rockin width

% (n?r%) g edge dtd 24 24

% Thickness (mm) e 15 1.5

w | Body height (mm) f 5.2 5.75
Mass (g) 1.79 1.97

Ring assembly

Nose

Rocking edge

o

Body V-surface

Fig. 2 Configuration of elements and ring assembly
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Honda has developed a 2.2 L 4-cylinder turbocharged
diesel engine that has achieved high power, low fuel
consumption, and ultra low emissions. This is a second-
generation diesel engine, following Honda's first diesel
power plant for automobiles launched in 2004. The
newly developed engine has realized larger reductions in
exhaust emissions, enabling compliance with Euro-V
standards, as well as enhancements in output and in
noise and vibration (NV) reduction, while also
maintaining fuel economy equivalent to that of the
previous engine. A 180 MPa common-rail system was
adopted and the shape of the combustion chamber was
optimized for even lower exhaust emission performance.
A recently developed, highly efficient variable nozzle
turbine (VNT) was adopted and intake and exhaust
system performance has been upgraded for enhanced
output. Where the maximum output and torque of the
previous model engine were 103 kW/340 Nm, these
figures have been raised to 132 kW/380 Nm, signifying
alarger increase. NV performance has become a concern
for diesel-powered passenger vehicles. The structural
response of the cylinder block has been bettered by
optimizing the cylinder block structure, and a new chain
drive-line layout and chain cover structure capable of
reducing vibration and noise have been developed. As a
result, the NV performance of this engine is better than
that of previous diesel engines.
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Fig. 1 Exhaust emission regulations
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Table 1 Main specifications of i-DTEC diesel engine

Engine Developed model Previous model

Cylinder configuration In-line 4-cylinder

85 x 96.8

In-line 4-cylinder
85 x 97.1

Bore x stroke (mm)

Displacement (cm3) 2197 2204
Compression ratio 16.3 16.7
Valve Train DOHC 4 valves DOHC 4 valves

180 MPa common rail| 160 MPa common rail
132/4000 103/4000
380/2000 340/2000

Fuel injection system

Maximum power [KW/rpm]

Maximum torque [Nm/rpm]
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Fig. 2 External view of i-DTEC diesel engine
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Fig. 3 Comparison of cylinder head configuration
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Table 2 Specifications of injection system

Specification | Developed model | Previous model
Injector specification
Type Piezo-electric Solenoid
Max. injection
pressuré [MPa] 180 160
Number of holes 7 6
Hole Dia. [mm] ¢0.12 90.13
Spray angle [deg] 156 153
Type of sac Micro sac Micro sac
HP-pump specification
Type \ Radial
Number of plungers 2 3
Bore x stroke [mm] 6.5 x 6.0 6.5 x 6.8
Type of cam 2-lobe Eccentric
Driving speed 1/2 crank speed 5/6 crank speed
Flow control Suction control Suction control
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ABSTRACT

A 2.4 L in-line 4-cylinder i-VTEC gasoline engine
for the 2008 model year ACCORD was developed with
the aim of balancing high output with low exhaust
emissions.

The VTEC mechanism of this engine with the i-
VTEC system was developed to switch between cams on
the intake and exhaust valve sides at different engine
rpms. On the exhaust side, at low speeds it operates with
one exhaust valve inactive to increase the flow motion
of the exhaust gas and promote after-burning. This raises
the catalyst temperature. Operating with one valve
inactive also reduces exhaust interference and increases
higher low-speed torque. On the intake side, the variable
camshaft phasing mechanism, together with the variable
valve timing and lift, enable optimum valve timings to
be set for the low-and high-speed engine rpm. In
addition to this new VTEC mechanism, the developed
engine also adopted a cylinder head with exhaust
manifold, a close-coupled catalytic converter, and other
new technology. The result is an engine that achieves
maximum output of 142 kW, maximum torque of 220
Nm, and power performance at the top level in its class.
At the same time, this engine also realizes a balance
between low fuel consumption and low exhaust
emissions for U.S. LEV |l SULEV regulation on par
with that of previous models.
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Table 1 Engine specifications

Engine code

K24A (Developed model)

K24A (Previous model)

Cylinder configuration

In-line 4-cylinder

In-line 4-cylinder

Bore x stroke (mm)

87 x 99

87 x 99

Displacement (cm?3)

2354

2354

Compression ratio 10.5:1 9.7:1

Valve train DOHC i-VTEC DOHC i-VTEC

VTEC Type |Inlet Low-speed / High-.speed 1-valve operation
[Exhaust 1-valve operation N/A

Number of valves 4 per cylinder 4 per cylinder

Valve diameter  [Inlet 36 35

(mm) [Exhaust 31 30

VTC angle (deg) 50 25

Intake manifold Resin with glass fiber Aluminum alloy

Exhaust manifold Integrated with cylinder head | Double stainless steel pipe

Qil pan Aluminum Steel plate

Catalytic converter (L)

Close-coupled (1.0)
+ under-floor (1.0)

Under-floor (1.0 + 1.0)

Recommended gas

Unleaded regular (RON 91)

Unleaded regular (RON 91)

Max. power (KW[PS]/rpm)

142 [193] / 7000

125 [170] / 5800

Max. torgue (Nm[kgm]/rpm)

220 [22.4] / 4400

220 [22.4] / 4000
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A new V6 3.5-L i-VTEC variable cylinder
management (VCM) engine was developed with the
goals of high output, low fuel consumption, and low
exhaust emissions. This engine employs a cylinder
deactivation mechanism that uses variable valve timing
and lift electric control (VTEC) that enable operation
with three, four, or six cylinders according to operating
conditions. With the addition of 4-cylinder operation, this
realizes three-mode control over the number of cylinders,
one mode more than previous cylinder deactivation
engines. The increase in the number of cylinder
deactivation modes was combined with the new
development of hydraulic circuits, a hydraulic switching
mechanism, and switching control. This has enabled the
instantaneous switching of operating cylinders without
losses of drivability, as in previous models. This engine
is being installed in the new model ACCORD, giving
this vehicle output and fuel economy at the top of its
class, and at the same time complying with Partial Zero
Emission Vehicle (PZEV) regulations in the U.S. state
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Table 1 Engine specifications

Engine code J30A8 J35Z2
Cylinder configuration 60° V-6 cylinder 60° V-6 cylinder
Bore x stroke (mm) 86 x 86 89 x 93
Displacement (cm3) 2997 3471
Compression ratio 10.0 10.5
Valve train SOHC VTEC SOHC i-VTEC VCM
Number of valves 4 per cylinder 4 per cylinder
Inlet 35 36
Valve diameter (mm)
Exhaust 30 30
Fuel Regular Regular
Maximum power (KW/rpm) 182/6250 200/ 6200
Maximum torque (Nm/rpm) 286 /5000 336 /5000
Fuel economy (CITY/HWY) 18/26 19/29
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Computational Method to Calculate Flow Rate
Distribution through Radiator

Thomas N. Ramsay"”

ABSTRACT

In this paper a computational method to calculate the flow rate distribution through a vehicle radiator is outlined.
A typical testing method for radiator flow rate distribution is to cover the front grille openings in various combinations
and then measure - via anemometers - the change in radiator flow rate to determine the contribution of a specific
cooling opening to the overall cooling flow. However, this changes the contribution distribution: a low pressure region
will be created behind the covered grille and will draw air from another area. 1t would be desirable to capture the
contribution air flow distribution through the radiator during normal operating modes (e.g. when all the grille openings
are clear). This would be challenging in a testing scenario, but relatively straightforward for a computational fluid
dynamics (CFD) analysis. Rather than using the typical velocity magnitude or velocity vector visualization techniques,
tracing path lines downstream from the cooling openings to the radiator face leads to a method to allow a more realistic
description as well as a better way to convey this information. Basically, the intersection points of the path lines are
trapped on the face of the radiator, and then triangulated, and the flow distribution is calculated using these triangular

https://doi.org/10.69239/hondatechnicalreview.2008 20 1 7

elements. Finally, an image is created to visually convey the flow rate distribution.

1. Introduction

In atypical testing scenario, during an engine airflow
test, the front grilles would be covered in various
combinations and then measure - via anemometers - the
change in radiator flow rate to determine the contribution
of a specific cooling opening to the overall cooling flow
at the from of the radiator. However, this testing
scenario does not capture the on-road contribution
distribution from each cooling zone: a low pressure
region will be created behind a closed grille and will
simply be “filled in” by the flow field from another area
- thereby potentially creating an unrealistic contribution
distribution. A desirable method would be to capture the
contribution air flow distribution through the radiator
during normal operating modes (e.g. when all the grille
openings are clear). This would be challenging in a
testing scenario, but relatively straightforward for a CFD
analysis. By realizing that path lines will allow
downstream tracing of the flow field from the grille
openings to the radiator face, a method was developed
to allow a more realistic description as well as an
imaging technique to convey this information. This
method was developed in-house and contains four main
steps: (1) path line intersection with radiator face, (2)

0 HONDA R&D AMERICAS, INC.

triangulation of intersection points, (3) calculation of
individual flow rates and edge export, and (4) image
creation. It is the concept of employing a triangulation
algorithm (Delauney triangulation in this case) to connect
the path line intersection points that makes this method
novel. To the author’s knowledge, this is the first time
this particular technique has been used to make a useful
link between the styling-related grille openings and the
performance-related cooling flow through the radiator.

2. Path Line Intersection

A full engine compartment CFD model was created
and solved at typical US highway speeds, as seen in
Figure 1, where the left side identifies the cooling
regions and the left side shows the path lines into these
cooling regions. Industry standard CFD setup parameters
and solution convergence criteria were used.

Figure 2 shows the route the path lines progress
from the cooling openings (grilles or bottom breather)
to the radiator face. Note that the four colored areas -
blue, yellow, green, and pink - represent the nexus of
points that the path lines were released from. The large
open arrows indicate the general direction of the cooling
flow path lines from associated cooling region toward
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the radiator. Keep in mind that the background colors
in Figure 2 will be used throughout the rest of the paper
to help differentiate the originating cooling region (blue
= upper grille, yellow = lower left grille, green = lower
right grille, pink = bottom breather).

Path lines were generated and saved - including the
coordinates and the velocity magnitudes - for all four
engine cooling zones, the upper grille, the bottom
breather or air dam area under the vehicle, and the lower

left and right openings. Figure 3 shows the path lines
created downstream of the four individual cooling zones.

Two custom scripts were written to read in the path
line file, intersect those path lines with the radiator face
and then to trap all the intersection points that were
within the rectangular radiator face, since some path
lines would bypass the radiator altogether. Figure 4
shows these intersection points colored by originating
cooling zone (blue = upper grille, pink = bottom

Upper grille

Lower grilles Air dam

Figure 1 Front end geometry (left) and path lines passing through cooling zones

Lower
S
gile S >

Side View Front View
) Radiator )
Upper grille Radiator ~ Upper grille
- ~ AR URRRaY
. I v |
. ! Lower(
Cooling flow paths : leftO
grille

Lower]
rightd ~+—— Cooling flow paths ="
grille I ‘

AR

Bottom breather

Bottom breather

Figure 2 Conceptual path line image

Lower[]
left

Figure 3 Path line creation
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breather, yellow = lower left grille, and green = lower
right grille). Each point represents the intersection of a
single path line and the front radiator face.

Upon a close inspection of Figure 4, it is easily seen
that there are several intersection points that are
considered outliers (e.g. the blue points in the yellow
region or the pink points in the green region). These
points would then be determined to be outside the core
contribution region for that cooling zone. Also note that
due to a more direct path, the upper grille intersection
points tended to have a higher density than the other
three regions; however, this is also a function of the
originating number of points, which is dependent on the
cooling region area and mesh size.

3. Point Triangulation

Now that the relevant points on the front face of the
radiator have been found, those points must be associated
in some way to use them as a basis for flow rate
calculation. The best way to do this is Delauney
triangulation, which basically connects all the points with
a series of triangular elements, in effect meshing the
region, but using the pre-existing points as nodes. Figure
5 shows the Delauney triangulation of seven points,
where a triangular element is created from the first three
points, then as each subsequent point is added, the points
are re-triangulated for a best fit of elements. This is
accomplished by use of circumscribed circles. If the

Front face of radiator

Lower 13
right
grille

Lower
left
grille

Air dam (bottom breather)

Figure 4 Path line intersection for four radiator cooling areas

(a) (b)

(©)

(d)

®

Figure 5 Delauney triangulation, forward progression
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next point to be added, such as point #4 in Figure 5(b)
is within any of the circumscribed circles represented by
an element, then those elements will be re-triangul ated
with the new point. This is best shown in Figure 5(d),
where the point #6 is within the circles of the pink and
yellow elements, and thus re-triangulated in Figure 5(e)
with the new pink, yellow, and light blue elements.
Figure 6 shows the same seven points, but with the
addition of triangulated points in reverse order. While
the individual triangular elements are created in a
different manner, the end result is the same: six
triangular elements that contain no grid points within
them.

Once the intersection points are triangulated, edge
elements are created. In the case of Figure 5 and
Figure 6, there are six edge elements (1-2, 2-3, 3-4, 4-
5, 5-6, 6-1). These are found by tracking how many
elements are associates with each point. Those points
with only one or two elements are considered edge
points. These edge points are then connected with 1D
elements and those elements are sorted to form a closed

edge profile.

A realistic set of intersection points will not form a
well shaped series of triangular elements, so a recursive
algorithm that removes highly skewed edge elements was
added. Returning to the point set of Figure 5 and
Figure 6, Figure 7 shows what happens when point #6
is moved and another element is created (in red). It's
pretty clear that the new (red) edge triangular element
isill-formed and would not realistically contribute to the
flow rate calculation, thus would be eliminated, as in
Figure 7(c).

The typical criterion for ill-formed elements is called
skew and is defined based on the following equation:

_ Element Areal X
Ideal Area @

Where the element area is simply the area of the
triangular element, as in Figure 8(a) and the ideal
element is the area of a perfect isosceles triangle that lies
within the circumscribed circle of that same element, as
in Figure 8(c). The skew limit was set at 0.80.

Skew

(@ (b)

(©

(d) (e)

®

Figure 6 Delauney triangulation, reverse progression

(a) (b)

©

Figure 7 Triangulation for a moved point (#6)
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Additionally, it was also possible that larger concave
sections would be present in the point set and then large
bridging elements would be created. While most of
these elements would be likely eliminated by the edge-
skew check, it is sometime necessary to indicate that
these bridging elements are again outside the core
contribution region for that particular cooling zone.
Figure 9 shows the triangulated elements for the four
cooling zones on the front face of the radiator. Note that
there is some overlap in the regions.

4. Flow Rate Calculation

Now that the individual contribution regions have
been triangulated, their flow rates can be calculated.
Here is where the wisdom of carrying the velocity
magnitude for each point comes into play. Realizing that
the flow rate of each element can be calculated by:

Flow Rate = Element Area x Average \Velocity (2)

Where the average velocity is simply computed from
the velocity at all three node points. Then all the flow

rates are summed up and the total flow rate through the
region of interest is computed. Figure 10 shows the
total flow rates (in percentages) for the four contribution
cooling zones. In addition to the contribution flow rates,
the edge elements are exported as well.

5. Image Creation

Now that the contribution flow rates are calculated,
this information is sent back to engineering and styling.
While bar graphs of the contributions are relatively
straightforward and may be created for engineering,
styling prefers more visual results. Therefore, the edge
elements from Figure 10 are then plotted and filled in
via a simple computer drawing package. The final
image is shown in Figure 11 and represents a typical
contribution image that would then be shown in an
analysis of the flow field. By typica image, it has been
shown through past experimental testing that the bottom
breather contributes a significant amount of cooling flow,
but not how much (for reasons stated in the
Introduction). Thus, Figure 11 represents what would
be expected from a bottom breather vehicle.

(@) (b)

(©

Figure 8 Element skew calculation

Front face of radiator

Lower[l
rightd
grille

Lower]
leftC]
grille

/

Air dam (bottom breather)

Figure 9 Triangulated contribution regions for candidate radiator
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Front face of radiator

Lower
right
grille

r

31%

Upper
grille

Lower
left
grille

/

Air dam (bottom breather)

Figure 10 Radiator flow rates for the cooling zones

Front face of radiator

Lower
right
grille

Air dam (bottom breather)

Upper
grille

Lower
left
grille

Figure 11 Contribution region final image

6. Conclusions

A method to both calculate and show the cooling
zone distribution on the radiator face has been
developed. In developing the proposed method, the
initial impetus was to convey complex underhood flow
patterns. This was accomplished by connecting CFD
results (path lines) with a desired outcome (radiator flow
distribution). While at this time it is quite difficult to
verify this final image (e.g. Figure 11), this method is
another tool that allows greater understanding of the
cooling region flow field. This proposed method allows
enhanced potential front end design direction to be
delivered to engineers and stylists alike and increases the
confidence in CFD to deliver unique flow field related

0450

results. This better insight into the affects of front fascia
design on the flow through the radiator, would, in turn,
lead to better styling and performance decisions.

ThomasN. Ramszy
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ABSTRACT

A magnesium cross car beam has been developed in
order to achieve automotive weight savings and thus
greater fuel efficiency, while maintaining safety
performance.

In the development of a magnesium cross car beam,
CAE analysis was used to increase the accuracy of
predicting cracks, elongation, and deformation.

This paper will discuss the use of CAE analysis in
this development project.

The developed magnesium cross car beam will be
employed in the 2008 year model FCX.
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Table 1 Chemical composition of AM60B (weight %)

Al Zn Mn Si Cu Ni Fe |Others

5.5-6.5|=0.22 |0.24-0.6| =0.10 |=0.010{=0.002|=0.005| =0.02

Table 2 Mechanical properties of AM60B

Tensile strength [MPa] | Yield stress [MPa] | Elongation [%]

223 124 10
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Attempting to extend the life of the air cleaner filter
element, a consumable part, the project discussed in this
paper layered wet- and dry-type non-woven filters to
develop a high-performance long-life element.

Based on the results of an analysis of the mechanism
of capturing dust particles, the lipophilic properties of
the fibers of the non-woven used in the wet layers were
enhanced to increase oil retention, enabling dust to be
accumulated in specific areas and thus reducing clogging.
Dry layers have also been used to produce a multi-
layered structure, reconciling the achievement of
extended life with a higher level of efficiency in
capturing particles of all sizes and types.
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ABSTRACT

A metallic finish decorative film that is able to be
applied to automotive exteriors has been developed.
Following application using a vacuum forming method,
the film is UV-cured. The top layer is a clear UV-cured
layer.

General purpose aluminum flakes have been applied
in the base coat, and the paint viscosity and coating
conditions have been adjusted to enable the achievement
of a metallic finish. In addition, embossing of the top
layer enables various design expressions, such as a matte
satin plating. The new film shows greater elongation
during forming and superior adaptability to parts than
conventional decorative films, and is also more flexible
than metallic plating.

The new film has been applied on the front grille of
the new Acura TSX.
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Table 1 Comparison between satin plating and
developed satin film

Intensity
Surface roughness chart value Gross

Satin

plating 450 55
Developed

satin film 480 58
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Table 2 Bending test result

o Painted )
Testtemp. | Criteria |[UV hard coat front grille Developed film
Room Film Break Non-break Non-break
temperature | non-break
-30°C Base resin Break Non-break Non-break
non-break

Table 3 Car wash machine test result

Top layer Rating point of
material car wash resistance
Developed o UL RS 1
) acrylic resin
Film Bod lor fil
ody color film
for door molding PVDF/PMMA 5
Spray paint Polyurethane 1
Rating point: GOOD ~ 12345 - POOR
Table 4 Film elongation and property
tem Film elongation rate
100% (initial) 150% 200%
Color retention Initial AE=15 AE =3.0
Adhesion 100/100 100/100 100/100
Chemical resistance | No change No change No change
Gasohol resistance = 60 min = 60 min = 60 min
Rating point of . . .
car wgsph resistance 1 point 1 point 1 point
Bending resistance Non-break Non-break Non-break
Weatherability No problem No problem No problem
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Development of New Pearl White Color for Body Coating
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ABSTRACT

Color plays an important role in styling, which is a
major element in the appeal of a vehicle. Pearl white is
particularly important as a color imparting a “premium”
quality to a vehicle. Because of this, the rate of use of
the color in the domestic market is high, and it has
reached market maturity. In order to increase the
commercial appeal of the color, the project discussed
here focused on the development of a new high-quality
pearl white coating. First, a survey of customer
preferences was conducted, enabling quantitative axes for
the evaluation of feelings in relation to color to be
established. Development targets were set on this basis.
The development of a white primer surfacer with high
yellowing resistance and color hiding ability enabled the
process of application of a white color base coat to be
discontinued. As a result, a higher level of atomization
could be achieved and the mica base coat could be
applied in two stages, producing a higher level of
orientation of the mica. This has enabled the realization
of a pearl white color with a strong pearl feeling
previously unattainable on a conventional mass
production line.
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Table 1 Correlation coefficient of “Fun to Drive” score and score of each question

] . . Correlation
Ranking Questionnaire coefficient
1 Style Overall rating 0.931
2 Style Side profile appearance 0.928
3 Style Uniqueness of your vehicles overall styling 0.925
4 Style Front end style 0.923
5 Style Exterior styling 0.918
6 Style Appearance of exterior molding and trim 0.911
7 Style Appearance of exterior paint 0.897
8 Handling | Feel of steering wheel 0.896
9 Style Ext/int color coordination 0.891
10 Style Appearance wheels/rims 0.890
11 Style Rear end style 0.887
12 Handling | Steering effort 0.854
13 Other Heater keeps interior warm 0.844
14 Interior Styling of the seats 0.838
15 Handling | Brakes smooth in panic stop 0.835
16 Interior Overall rating 0.834
17 Interior Interior styling 0.834
18 Interior Interior smell 0.834
19 Handling | Brakes slow vehicle quick and safe 0.831
20 Handling | Hold driver when cornering 0.830
21 Other Rate how quickly the heater gets warm 0.830
22 Style Open/close side door 0.829
23 Handling | Overall braking 0.825
24 Interior Interior color coordination 0.821
25 Other Front defroster performance 0.817
26 Handling | Stability on winding roads 0.815
27 Interior IP design 0.815
28 Handling | Overall rating 0.813
29 Power plant | Perf in 2-wheel drive 0.811
30 Interior Understand gauges/instr 0.811
31 Interior Look/feel of ip materials 0.804
32 Power plant | Smoothness during hard accel 0.801

Table 2 Adjective pair and result of factor analysis

Adjective pair Factor loading
1st factor | 2nd factor | 3rd factor | 4th factor
7 < Score - 1 Pearl feeling [Novel feeling Mafleeéfltiar:gale ?
Feminine Eo§3: 004N Masculine SRR 0.0166 0.1941 0.9071 0.2989
Natural pearl RAN=IDLS7= Artificial pearl AIN=ILDLSE 0.7373 -0.1129 0.6604 0.0792
Silky TE—1 Glare FSXSLTS 0.8101 -0.2202 0.4122 -0.0201
Delicate EHEWE Glitter IRFx 0.5361 -0.8026 0.1970 -0.1456
Three dimensional 3RITHIE Non three dimensional 3RTH TN 0.7742 0.2242 -0.0330 -0.3200
Bright B3\ Dark =R -0.2307 0.6338 0.1509 0.5502
Luxury S52a7VU— Sporty AR—F 1 0.3789 -0.1100 0.8620 -0.1712
Color travel BHELTD Non-color travel [=hop S (AP~ 0.5971 0.7856 -0.0562 -0.0688
Gentility laYA Vulgarity T 0.8179 -0.4007 0.2891 0.0430
Valuable BfICRZ3 Cheap ®51F<R23 0.9187 0.0676 0.2503 -0.0728
Novel BHEFLWL Commonplace HYELYEE 0.0901 0.9349 -0.0739 -0.0009
Fine particles HFDEEDIAENE Rough particles RIFPREDIAENTIVZLY|  0.9002 0.1620 0.2311 -0.0910
Gorgeous =2+ R Simple T 0.1892 0.8785 0.3065 -0.0602
Warm BBMLEELD Cool BIEWELC 0.3223 -0.0780 0.9099 -0.1068
Contemporary SEHERNTR Classic 5y DI% -0.3141 0.7466 -0.3526 0.4018
Like HHDHhS—7 Dislike BWEhS—7 - - - =
Contribution ratio(%) 37.62 25.92 25.48 3.56
Accumulative contribution ratio(%) 37.62 63.54 89.02 92.58
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Verification Test of Solar-powered Hydrogen Station (SHS) with Photovoltaic Modules
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ABSTRACT

A solar-powered hydrogen station (SHS) with
photovoltaic modules has been established to produce
hydrogen with zero CO, emissions. The SHS has been
stably producing hydrogen for almost four years, and
also, the hydrogen supply for the Honda FCX fuel cell
vehicle has been demonstrated. This operational status
has demonstrated that stable hydrogen production can be
achieved using a renewable energy source. Using only
the variable power generated by the photovoltaic
modules, the SHS system operates at an efficiency of
approximately 53%, and produces approximately 1500
Nm?® of hydrogen per year, equivalent to 8000 miles-run
by the FCX. Using verification tests, feasibility studies
of a household renewable hydrogen station, projected as
a future mode of hydrogen supply, have been completed.
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Table 1 Comparison of annual SHS performance

Year 2004 2005 2006 2007*

PV-generated power

[kWh/day] 26.7 26.2 28.2 28.3

Hydrogen production

[Nm3/day] 4.1 3.9 4.2 4.1

System efficiency 541 | 522 | 532 | 523
(%]

Amount of produced

hydrogen* [ng] 1485 1400 1550 1520

*Data from January to July, 2007
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Table 2 Comparison of hydrogen refueling stations

Manufacturer [WE?* efficiency**| Power consumption [kWh/Nm?]
(Location) (HHV) WE* Compressor
(Lo?z:s«zes) 95.1% 4.749 0.675
(;/;’Iin':‘af;) 90.6% 5.165 0.308
(Sa;:n':iﬁara) - 4.940 0.275
Ya;‘é?:gt“a - 5.769 1.638

* WE : Water Electrolysis
** Operating temperature : 80 °C
Current density 11 Alem?
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Fig. 9 Performance comparison of hydrogen refueling
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An endurance motorcycle has been developed to take
part in the 2007 Suzuka 8 Hours Endurance Road Race.
The calculation performance of the ECU has been
increased against that of the 2006 model to enable more
precise control, resulting in a 2.7% increase in power and
the achievement of a balance between engine
performance and fuel efficiency with no decline in the
former. Increasing the inertial mass of the ACG rotor has
moderated the transient characteristics during
acceleration and reduced the engine brake load during
deceleration. In addition, the use of slip control has
increased stability and controllability and traction
performance. The newly developed racing motorcycle
displays reliable racing performance, and is capable of
posting lower and stable lap times.
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Table 1 Comparison of regulations

JSB
Japan superbike

SBK
FIM world superbike

Crankcase No modification allowed

May be modified by welding or machining

Cylinder head are allowed

Only machining port area and base surface

May be modified by welding or machining

Valve seats may be altered or replaced

Valve guide may be altered or replaced

Combustion chamber may be modified

Sleeves, liner material may be changed

Cylinder No modification allowed

Surface finish is free
Crankshaft No modification allowed May be altered or replaced
Piston No modification allowed May be altered or replaced
Piston ring No modification allowed May be altered or replaced
Piston pin No modification allowed May be altered or replaced
Piston pin clip No modification allowed May be altered or replaced

Connecting rod No modification allowed

May be altered or replaced

Camshaft May be replaced or modified May be altered or replaced
o May be altered or replaced
Valve No modification allowed - -
Valve diameter must remain as homologated
Valve spring May be replaced. Material must remain as homologated. May be altered or replaced

Valve retainers No modification allowed

May be altered or replaced

Oil pump No modification allowed May be altered or replaced
Clutch springs, friction disks, plates may be altered or replaced.| Aftermarket or modified clutches are allowed
Clutch Quality of disks and plates must remain as homologated. Back torque limiter is permitted.

Addition of back torque limiting device is not allowed.
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ABSTRACT

A small, low-cost fuel pump module has been
developed for use in motorcycles with smaller engines.
Removing the diaphragm from the pressure regulator has
simplified the structure and has reduced the volume ratio
to approximately 40% that of the former model. The
pump motor has been designed specifically for use in
low-displacement engines. Optimizing the winding
specifications and reducing the size of components
enabled the total length to be reduced by 11 mm.
Reducing the size of the pressure regulator and the pump
motor also reduced the mounting diameter of the fuel
pump module, enabling the axial face seal, previously
used for the mounting area, to be replaced by a radial
seal. A retainer slide has been used instead of bolts to
fix the pump in place, enhancing workability and
reducing the number of parts. Together, these changes
have reduced the cost of the unit by approximately 30%
and the mounting area by approximately 40%.
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Table 1 Trends of exhaust gas emissions regulations for motorcycles
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|
Brazil EURO-2 ‘:IR::@:—C%
| |
1 1 1
India 4th 5th 6th
|
2007YM ARE Tier-2
Usa | EPA OFF/ATV 2006YM ON & OFF
ARB Tier-1 2006YM
ARB Tier-1 2004YM L Tier-2 2008YM
Seat Fuel tank

Luggage box

Rear fender

Fig. 1 Fuel tank layout
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ABSTRACT

Two-coat painting is generally necessary to achieve
both weather resistance and corrosion resistance in
magnesium motorcycle cylinder head covers. A paint that
enables the achievement of both weather resistance and
corrosion resistance using one coat has been developed
by adding epoxy resin to the main resin to promote
modification, adding compounds to increase
adhesiveness, and adding rust preventive pigments. The
developed paint enables magnesium cylinder heads to be
painted using one coat, and thus reduces the number of
painting processes involved.
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ABSTRACT

Enhancing the understanding of traffic rules and the
ability to anticipate the potential dangersin mixed traffic
of pedestrians, bicycles, motorcycles, automobiles, and
the like, would be an effective way of helping to prevent
accidents for the electric wheelchair users. A handle type
electric wheelchair simulator was accordingly developed
to enable people to safely experience those potential
dangers.

The simulator was given two configurations. The
actual wheelchair type combines an actual wheelchair
with a personal computer and large-screen display. The
widespread use type has a steering handle unit and a
notebook computer. The simulator screens are set up to
be easy to follow and easy to operate for the elderly
user, and the narration employs a frequency range that
is easier to hear. A module that enables test subjects to
check their own physical functionality and judgment
capability was also included. The traffic scenario
experience module was configured with several scenarios
for situations that could easily turn dangerous, based on
the particulars from a number of accidents.

This enables not only electric wheelchair users but also
people who have never operated an electric wheelchair to
have a driving experience by means of a simulator. It also
enables traffic safety lectures to be held with a simulator
experience included as part of the program.
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Removal of Grounding Cable from Hydrogen
Fueling Process

Steve MATHISON®

Kiyoshi HANDA®®  Shiro MATSUQ"0

ABSTRACT

Hydrogen, which is used for fuel in fuel cell vehicles, has the characteristic of being easy to ignite. Because of
this characteristic, prior to fueling, static electricity from the vehicle body should be dissipated. Industry practice to
mitigate this risk has been to connect a grounding cable to the vehicle to remove the static electricity from the vehicle
body prior to connection of the fueling nozzle. However, this complex procedure is not user-friendly, nor is it fail

safe as it depends on the user to implement.

Our research® shows that the maximum grounding resistance that will allow static electricity to be safely dissipated
before the fueling nozzle can be connected is 100 MQ. Two favorable fueling pad surfaces were found to be conductive
paint applied on asphalt, and concrete. After application, the separate grounding cable connection is no longer
necessary, and as a result, safe and user-friendly fueling is now possible. The practice of grounding through the tires
is now being adopted by hydrogen stations, and surface resistance requirements have been written into the latest
revisions to the International Code Council (ICC) International Fire Code (IFC).

1. Introduction

The fuel cell shows much promise as a clean power
plant of the next generation because of it’'s potential to
displace the use of fossil fuels and reduce emissions,
including those associated with global warming. In
addition to developing fuel cell vehicles, it is important
to study how hydrogen is supplied to fuel cell vehicles,
as hydrogen supply will influence the appeal and
marketability of fuel cell vehicles in the future.

2. Background

Hydrogen, which is used for the fuel in fuel cell
vehicles, has some properties that make it quite unique
from other vehicle fuels. The most common fuel in use
today is gasoline, with natural gas (consisting primarily of
methane) fueled vehicles a distant second. Table 1
compares some properties of these fuels?. Gasoline has
the narrowest range of ignitable fuel/air ratio and relatively
high minimum ignition energy. Methane has a slightly
wider ignitable fuel/air ratio, and even higher minimum
ignition energy than gasoline. Hydrogen has a very wide
range of ignitable fuel/air ratio and a very low minimum
ignition energy of 0.016mJ, approximately 1/12™ that of
gasoline. It should be noted, however, that the minimum

0 O HONDA R&D AMERICAS, INC.
gooboooooon
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ignition energy in Table 1 is for stoichiometric mixtures
(29% for hydrogen). At the lower flammability limit
(LFL), the minimum ignition energy of hydrogen is nearly
the same as that of methane.

In regards to the manner in which these fuels are
dispensed, both hydrogen and natural gas are dispensed
to the vehicle in a closed system designed to prevent
leaks, whereas gasoline dispensing utilizes an open
system where vapors can escape near the interface of the
nozzle and receptacle. Additionally, the presence of
natural gas and gasoline is easily detected by the user
from their distinct odor, whereas hydrogen has no smell
and no odorants currently exist.

The hydrogen fueling coupling and associated
hydrogen storage system on vehicles is designed as a
closed system in which hydrogen does not leak either
during fueling or operation of the vehicle. However,
potential ignition sources should be removed or mitigated
as much as possible for safe fueling in the event that a
failure of the system results in a fueling leak. Because
gasoline and methane have narrower ranges of ignition
limits and much higher minimum ignition energies, and
leaks can be easily detected by smell, thisis not as high
a concern when fueling these vehicles.

0o9s0
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Table 1 Ignition properties of hydrogen, methane and gasoline
Properties Hydrogen Methane Gasoline
Minimum ignition energy (mJ) 0.02 0.29 0.24
Ignition limits in air (Vol %) 4-75 5.3-15 1.0-7.6

Static electricity can build up on the vehicle chassis
during driving, and this static electricity may be a
potential ignition source during fueling. Therefore, it is
important to dissipate this static charge from the chassis
before fueling the vehicle. Under current industry
practice, a fuel cell vehicle user connects a grounding
cable (referred to as GND cable) to the vehicle first,
before connecting the separate hydrogen fueling hose/
nozzle (Fig. 1). The opposite side of the GND cable is
connected to earth. This sequence allows the vehicle to
discharge the static electricity before the fueling hose is
connected and fueling begins. This practice has been
implemented at nearly all hydrogen stations in the U.S.
to date, as a precautionary requirement.

When fueling the test fuel cell vehicle used in this
study, first the user opens a lid containing the GND
connection receptacle, then connects GND cable to the
GND connection receptacle. After this, the user pulls a
knob in the GND lid, which then opens a separate lid
containing the fueling receptacle (Fig. 1). This sequence
is devised to remind the user to connect the GND cable
before fueling, as a means to increase the safety of the
fueling operation. However, if the user forgets to
connect the GND cable or the connector isn't tightly
connected, the GND cable can not work to remove the
static electricity. This GND cable also increases the
complexity of the fueling operation, and is not
convenient for the user. Therefore, some other method
to remove the static electricity surely and consistently
without using the GND cable is necessary.

Although it is outside the scope of this paper, another
important safety consideration when fueling a hydrogen

Fig. 1 Grounding cable connector/receptacle and H,
nozzle/receptacle

vehicle (or even gasoline and CNG vehicles) is to help
ensure that the user has discharged his / her body prior
to connecting or disconnecting the nozzle. Many
hydrogen stations require the user to touch a grounded
conductive part on the dispenser before the nozzle can
be released. Because a weak electrostatic spark from a
human body releases about 10 mJ of energy (above the
minimum ignition energy of all three fuels), grounding
the user prior to connecting and disconnecting the nozzle
is very important.

3. Requirements for adequate dissipation of
static charge

Because the GND cable is not a reliable means of
removing static charge from the vehicle chassis prior to
fueling and because it is cumbersome to the user, we
looked to an alternative, which is to use the existing
contact between chassis and ground, i.e. the vehicle tires,
as a means to removing the static charge. To help
ensure that no ignition can occur, even if hydrogen is
present, the grounding resistance, through the tires to
earth ground, was calculated which will dissipate the
static charge to a safe level within a short period of time
after stopping the vehicle on the fueling pad surface. To
make this calculation, an equivalent circuit of the static
electricity on the vehicle is shown in Fig. 2.

The capacitance of the test vehicle was calculated to
be approximately 0.5 nF by using Eq. 1. However, there
may be numerous sizes of the vehicles in the future,
some larger than the test vehicle. Therefore, a
capacitance of 1 nF was used as a more conservative
value. The literature also supports the use of 1nF as
typical vehicle capacitance®.

A
C= 83 (1)
C: Capacitance [F]
d: Poleinterval [m]
¢: Aeria permittivity [F/m]
A: The pole area[m2]

R

~ -~ - " Yconcrete

Fig. 2 Equivalent circuit of static electricity on vehicle
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If the energy of the capacitor is smaller than the
minimum ignition energy of hydrogen, hydrogen will
not ignite. The capacitor’'s energy can be calculated
from Eq. 2.

w= %E&:Vz < 0.016mJ 2
V: Voltage of Capacitor [V]

When solving Eq. 2 for the condition of C=1nF, the
answer is shown in equation 3.

Vit < 180V 3)

Next we should consider the maximum voltage of the
static electricity on the vehicle. Thereis a report which
describes that a maximum of 2kV can be generated by
the fuel pump in a conventional ICE vehicle®. Of
course, on a fuel cell vehicle, because there is no fuel
pump, the static electricity must be generated by a
different mechanism. Because any given regional area
may not be suitable to measuring the maximum static
electricity voltage because of the high levels of
atmospheric humidity, the 2kV value from the literature®
was adopted as a maximum potential for the vehicle.

V, = 2000V 4

For a capacitor, the voltage when discharging is
shown by Eq. 5.

Es
V, =V, x e ©)

As a result, the resistance R can be calculated from
Eq. 6.

tO

R= — —
Vo
C-In (ytsw (6)
To determine the required resistance, one must first
establish how much time can be allowed for the static
charge to dissipate to a safe level. If the static electricity
is discharged to a safe level within 1 second after the
vehicle stops at the station, there is no way fueling can
be initiated before a safe condition is present, so this
time value was chosen.

t<lsec )
When solving equation 6 for the above conditions,
R =< 410MQ €S)

Because this resistance value is considered under
ideal conditions, it may be possible that the resistance
between the vehicle chassis and ground could increase
due to contaminants on the vehicle tires or on the fueling
pad surface. Therefore, a four times safety factor was
applied to the value in Eqg. 8, resulting in a maximum
grounding resistance requirement as shown in Eq. 9.

R < 100MQ 9)

Also SAE J2578® recommends that “the grounding
resistance of the vehicle through the tires of the fuel cell
vehicle should not exceed 25 MQ" while it refers to

literature®. Therefore, if the vehicle tires meet the SAE
J2578 recommended practice, the fueling pad surface
itself should have a resistance of less than 75 MQ.

4. Tests conducted to validate grounding
through the tires

As discussed earlier, the goal of our research is to
discharge the static electricity through the tires without
the use of a GND cable. If it is possible to discharge
directly from the chassis through the tires to the Earth,
the GND cable becomes unnecessary and it reduces the
possibility of human error or negligence (Fig. 3). For
this to occur, the grounding resistance of the vehicle
chassis through the tires, including the parking surface,
should be less than 100 MQ as shown in Eqg. 9.
However, atire is made of rubber (an inherently isolative
material), and fueling pad surfaces at hydrogen stations
are often made without any consideration for
conductibility. Therefore, we conducted some validation
tests as shown in the next section.

5. Validation Testing

5.1. Testing the basic resistance of the vehicle

In this test, we measured the resistance of the FC test
vehicle on steel plates. The four tires of the test vehicle
were placed on four steel plates which were connected
in paralel electrically. We then measured the resistance
between the steel plates and the chassis (Fig. 4). The
result was a resistance of 1.7 MQ. Because this

- =,

tﬁ’“"'-‘:?ﬁ’_“—_‘ .._:‘-'i\‘g )

b 1
[

J -
i

Station r —

Static chargell]
dissipation

Static chargel]
dissipation

Four steel plates

Fig. 4 Measuring resistance through tires parked on
steel plates
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Table 2 Resistance measurements for various cars

and tires
Vehicle Tire Resistance
Fuel cell test vehicle 205/60R15 1.7 MQ
Passenger car 1 195/60R15 35 MQ
Passenger car 2 - 51 MQ
Passenger car 3 245/40R18 8.3 MQ
Passenger car 4 275/40R19 10.7 MQ
Mini Van 225/60R16 19 MQ
SUV 1 235/55R18 200 MQ
SuUv 2 235/65R17 370 MQ
SUV 3 235/55R17 19 MQ
SuUV 4 245/75R16 1.2 MQ
Sports car 1 255/40ZR18 1.3 MQ
Sports car 2 255/40R17 0.03 MQ

resistance is much lower than the required resistance
(100 MQ), the test vehicle itself has enough low
resistance to discharge the static electricity to the ground.

Next, we measured a number of conventional
vehicles in the same way to understand the influence of
tire selection. There were large differences in the results,
ranging from 30 kQ up to 370 MQ (Table 2). The
resistance was measured at a number of different
locations on the chassis, and found to be the same, which
indicates that nearly all of the resistance is contributed
to by the tires themselves. An observation from our
measurements is that high profile tires tend to have
higher resistance values than low profile tires.

5.2. Testing the grounding resistance on asphalt

We measured the grounding resistance of the the FC
test vehicle on an asphalt surface. The measurement
result was 800 MQ, which is much higher than the
required resistance (100 MQ). Therefore, an asphalt

A concrete padl]
) for test

Fig. 5 Measuring resistance through tires parked on
concrete test pad

fueling pad surface is not suitable to discharge the static
electricity through the vehicle tires.

5.3. Testing the grounding resistance on concrete

At conventional gasoline stations, the fueling pad
surface is usually made of concrete to protect from oil
spills and other chemical contaminants. To see how this
conventional surface performed, we measured the
grounding resistance of the FC test vehicle on a concrete
pad. This concrete was constructed using common
construction methods, had no paint or coating on the
surface, and the reinforcing bars were grounded to the
earth. The result was a resistance value of 2.3 MQ (Fig.
5). Therefore, a concrete fueling pad surface is suitable
to safely discharge the static electricity through the
vehicle tires. Of course, there is a possibility that the
resistance value would increase if paint or other coatings
were applied to the surface.

5.4. Testing the grounding resistance on conductive paint

When installing a hydrogen station, asphalt may
already be in place, or can be applied as the fueling pad
surface much less expensively than with concrete.
Replacing the asphalt fueling pad surface with concrete
to remove static electricity may not be economical.
Floor paint with high conductivity to remove static
electricity is commonly marketed and available for
semiconductor industries and other uses where it is
important to minimize static electricity. We applied a
conductive paint®, which was grounded to the Earth,
onto the asphalt. We then measured the grounding
resistance of the FC test vehicle. The result was a
resistance of 2.5 MQ (Fig. 6). Incidentally, because we
could not find conductive paint specified for outdoor use,
an indoor specification conductive paint was used.

Fig. 6 Measuring resistance through tires parked on
conductive painted test strip
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Table 3 Resistance of FC test vehicle on various
fueling pad surfaces

Conductive Paint
2.5 MQ

Steel Concrete
1.7 MQ 2.3 MQ

Table 4 Resistance of FC test vehicle on concrete
under adverse conditions

Sand Snow Rain
3 mm 10 mm 20 mm 20 mm N/A
8.4 MQ 8.4 MQ 8.0 MQ 0.39 MQ 0.08 MQ

Table 3 shows a summary of the resistance
measurement results of the FC test vehicle on various
surfaces.

5.5. Testing the influence of environmental factors

Because a vehicle should operate in a variety of
weather and environmental conditions, we cannot assume
that fueling will occur under clean, dry conditions.
Therefore, we measured the grounding resistance of the
concrete fueling pad surface under a variety of adverse
real world conditions, including dry sand, snow, and rain
(Table 4).

In the case of dry sand, the resistance was somewhat
dependent on the depth, but 8.4 MQ was the maximum
value measured (Fig. 7). We measured the resistance
in snow in the northeastern part of the US, and the result
was 0.39 MQ (Fig. 8). And finaly, in the case of rain,
the measured result was the lowest, with a resistance of
only 0.08 MQ (Fig. 9). In all cases, the grounding
resistance values were less than the required resistance
(100 MQ). Therefore, for all weather and environmental
conditions we tested for, we found the ability of the
concrete fueling pad surface to safely discharge the static
electricity was not affected.

As the results of the above five test regimes show,
the use of conductive paint applied onto an asphalt
surface, or the use of commonly constructed concrete for

Fig. 7 Measuring resistance through tires with sand
between tire and concrete pad

‘\ ..\‘-

Fig. 8 Measuring resistance through tires with snow
between tire and concrete pad

Fig. 9 Measuring resistance through tires on rain
soaked concrete pad

the fueling pad surface at a hydrogen fueling station can
safely remove the static electricity from the FC test
vehicle without the use of a GND cable.

6. Application of Results

To put our testing results into practice, we
constructed two different static electricity discharging
fueling pad surfaces at hydrogen stations in Torrance,
CA. We applied the conductive paint to the asphalt in
front of one of the fueling stations. Two grounding
copper bars were embedded in the asphalt and bonded
to the conductive paint. After installation, the grounding
resistance was measured to be 2.5 MQ (Fig. 10).

At the second station, we installed a concrete fueling
pad surface. After installation, the grounding resistance
was measured to be 2.3 MQ (Fig. 11).

Because of the low measured resistance values at
both hydrogen stations, it is no longer necessary to use
the GND cable when fueling the FC test vehicle, or any
other fuel cell vehicle meeting the SAE J2578
recommended practice for tire resistance, at these
stations.
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Removal of Grounding Cable from Hydrogen Fueling Process

Fig. 11 Concrete fueling pad surface in front of hydrogen station

7. Durability and Other Factors

One downside to using the conductive paint fueling
pad surface is that it can be quite slippery when it is wet,
or when a user walks on it with wet shoes, so care
should be taken when it is raining. Also, after six
months of use, we found the paint to be peeling-off in
an area where there is alow spot and rain water collects.
This demonstrates that the durability of this conductive
paint against rain water is insufficient. As mentioned
earlier, the paint we used is specified for indoor use.
Therefore, for this application, a non-slip outdoor spec
paint is desired. Of course, in the case of concrete, it
is neither slippery when wet, nor does it suffer from any
durability issues.

Despite the durability issues with the conductive
paint, both the conductive paint surface and concrete
surface sustain good grounding resistance values over
time, as measurements taken after six months were
nearly the same as the initial measurements.

Fig. 12 Deterioration of conductive paint due to rain
water pooling

8. Expansion of Research to the Real World

Applying our findings to the two hydrogen stations
used in this study has made the fueling process user
friendly and safer. However, to benefit the end user and
future customers, this practice should be accepted and
applied to all hydrogen stations. A tendency in the
industry is to be conservative when it comes to safety
practices, and our findings show that it is actually safer
to ground the vehicle through it's tire contacts rather
than through a GND cable. Our research and that of
others has been studied and considered within code
development organizations (CDOs) and standard
development organizations (SDOs), as well as industry
groups such as the California Fuel Cell Partnership. It
is now generally accepted that safe hydrogen fueling can
be accomplished by grounding the vehicle through it's
tires. At stations with concrete fueling pad surfaces, the
requirement for connection of the GND cable has, in
many cases, been eliminated. Also, in the 2006/07 |-
code revisions to the International Code Council (ICC)
International Fire Code (IFC), it states, “2209.5.1.1
Vehicle fueling pad. The vehicle fueling pad shall be
constructed of a non-coated concrete pavement or shall
have a resistivity not exceeding criteria of 1 megohm as
measured using the methodology specified in EN 1081.”
(M With this addition to the IFC, it will now be a
permitting requirement for hydrogen stations to have a
conductive fueling pad surface.

9. Conclusion

The aim of our study was to find a way to safely
dissipate the static electric charge from the fuel cell
vehicle chassis without the use of a GND cable before
fueling with hydrogen. To this end, we conducted
research on discharging the static electricity through the
tires. The results of this research showed that if the
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grounding resistance of the fuel cell vehicle on the
fueling pad surface is less than 100 MQ, it is possible
to safely discharge the static electricity through the tires.
The FC test vehicle used in this study has a resistance
of 1.7 MQ on steel plates, 2.3 MQ on the concrete
fueling pad surface, and 2.5 MQ on the conductive paint
fueling pad surface applied onto asphalt. With these
highly conductive fueling pad surfaces, the grounding
resistance mainly comes from the tires. The resistance
of the concrete and the conductive paint fueling pad
surfaces are sufficiently small to safely fuel the FC test
vehicle, even when surface contaminants of sand, snow,
and rain are present. Rain and snow actually reduce the
grounding resistance, while dry sand slightly increases
the grounding resistance, but not to a level that affects
the discharging.

Our research has thus demonstrated that the GND
cable connection is unnecessary if the hydrogen station
has a concrete or grounded conductive paint fueling pad
surface, and the resistance of the tires on the fuel cell
vehicle are less than 25 MQ, in accordance with SAE
J2578. As a result, safe and user-friendly hydrogen
fueling is now possible. Furthermore, the industry is now
recognizing this safe practice and other hydrogen stations
are incorporating the use of low resistance fueling pads.
With the latest revision to the ICC IFC now specifying
both a resistance value and test method for hydrogen
fueling pads, the practice of grounding through the
vehicle tires will become standard practice at all
hydrogen stations in the future.
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ABSTRACT

Desirable attributes for a material used in a cylinder
head gasket are the strength required to from a
combustion gas seal and sufficient fatigue strength such
that the gasket may operate properly during engine
operation. The high combustion pressure characteristic
of diesel engines in particular creates a severe
environment for the gaskets, necessitating the
achievement of high levels of strength and fatigue in the
material. In order to satisfy these requirements, a method
of exploiting the difference in the solubility limit of the
nitrogen in the martensite and austenite structures that
form the composite structure of SUS301L stainless steel
to enable the precipitation of Cr,N by means of the
application of an aging treatment to supersaturated
nitrogen was examined. The achievement of high
workability and refinement of the grains are effective in
increasing fatigue strength. Workability was increased by
employing a nitrogen absorption treatment in the
intermediate annealing process to produce an austenite
structure as the surface structure. In addition, the pinning
effect of the precipitated Cr,N during annealing refined
the grains.

These innovations have enabled the development of
a gasket displaying approximately 40% higher seal
ability and an approximately 20% increase in fatigue
limit in fatigue tests than those of a gasket formed from
conventional materials.
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ABSTRACT

A high-strength structural steel that enables pre-
heating and post-heating to be omitted from the welding
procedure without the occurrence of weld cracks has
been developed. A process has been developed that
enables the achievement of an equivalent level of
strength and toughness to alloy steels for machine
structural use while omitting the quenching process,
through the partial application of modified ausforming,
in which, immediately following processing during the
hot forging process, the material is rapidly quenched at
the unrecrystallized austenite temperature just above the
A3 transformation temperature.
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Table 2 Heat pattern

Pattern Al Pattern BOJ Pattern C

Fol0 o
1100°C Fo20] 1100°C 1100°C

2 900°C .
900°C  450°C, 1hr 450°C, 1hr(] / \ 450°C, 1hr
W.Q.Jé N / :/W.Q./ X, W.Q.if Xl

Table 3 Mechanical properties of developed steel

; : : Charpy impactO
Heat treatment(] Yield strength | Tensile strength(] EIongatlonD valuell
(MPa)O (MPa)O (%) (Alcm?)0
Pattern A 8980 9410 23.10 2200
Upper bound( Pattern BO 8760 949 22.00 2010
Pattern COJ 8730 943 21.90 1600
Pattern A0 8800 911 22.80 2600
Lower bound Pattern BO 8500 905 22.10 2450
Pattern C[O 8730 93200 22.00 2300
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Table 4 Fracture behavior of tensile test piece containing welding bead

Appearance after tensile test

Fracture position Tensile strength (MPa)
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ABSTRACT

A new wax has been developed for the prevention
of corrosion in flanges, which are frequently points of
origin for corrosion, in order to attempt to ensure 12-
year protection against corrosion perforation of the
exterior panels employed on vehicle bodies. The wax has
been applied to new models. The wax displays reliable
penetration into flanges, and hardens by means of
oxidative polymerization, enabling the wax film to
control corrosion. The properties of the wax help prevent
flowing after application. Following application, the
vehicle body is heated to enable the wax to penetrate the
flanges. When the vehicle body returns to normal
temperature, the wax becomes viscous, which helps
prevent the material from flowing. In addition, to
respond to environmental considerations, no solvents
have been used in the wax.
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Table 1 Components of former wax

Function

Main component

Composition of
membrane

Calcium sulfonate

Petrolatums

Petroleum wax

Rust prevention
additive

Metallic salt oxide wax

Esters

Sulfanilic acid salts

Solvent

Lubricating oil

Mineral spirit

Table 2 Comparison of properties of former and
developed wax

Former wax Developed wax
Appearance Light brown liquid Milky white
Density (g/cm?®) 0.85+0.02 0.95 +0.03
Viscosity (mPa-s) 3000 + 2500 900 + 200
Flash point 35 °C and above 180 °C and above
NV (wt%) 35-70 95 and over

Table 3 Components of developed wax

Function

Main component

Composition of

Sulfanilic acid salts

membrane Petrolatums
Petroleum wax

Additive for . .

thixotropy Thixotropy additives

Hardening agent

Vegetable oil

Rust prevention

Metallic salt oxide wax

additive

Filler Calcium carbonate, etc.

Low viscosity paraffin

Solvent -
Vegetable oil
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Fig. 1 Composition of former and developed wax
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Fig. 3 Relationship between penetration depth and
viscosity of former wax
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Table 4 Basic properties of developed wax

Table 5 Endurance test results

Conventional wax

Developed wax

Salt spray test

720 Hr red rust area
max 10%

Equal to conventional

Cycle corrosion test

No rust from cross cut

Equal to conventional

Humidity

No irregularity

Equal to conventional

Pollution

Lubrication, and

Equal to conventional

expansion
Odor Low odor Strong oil odor
(no pungent odor) (no solvent odor)
Penetration Good (15mm) Good (35mm)
Correctivity Easy to correct Equal to conventional
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Fig. 5 Heating / Cooling viscosity of developed wax
(without thixotropic additive)

30000

25000 Q —O— Heating ||
0 —{J— Cooling
$20000
£ h
>15000
E AN
£10000
> \\?> T:l\\

- \Q\\R'\%

0 10 20 30 40 50 60 70 80
Temperature (°C)

Fig. 6 Heating / Cooling viscosity of developed wax
(with thixotropic additive)

Results
Developed wax

ltems
Former wax

Water resistance
40 °C x 120 Hr DIP

Humidity resistance
50 °C, 95%RH x 120 Hr

Cold bending resistance
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A high-strength case-hardening steel maintaining good cold
forgeability has been developed for use in the manufacture of
transmission shafts. The cold forgeability of the steel enables
workability to be maintained when the steel is used in the form
of wire in a multiple-stage former, as has now become standard.
The developed material is aso able to match the strength increase
that was previoudly achieved using a specia heat treatment (cold
guenching) by using a standard carburization quenching (hot
guenching). Higher strength represents an impediment to the
straightening process that follows carburization, and it was
therefore necessary to achieve a balance between high strength
and straightenability. In order to do so, flattening of the
hardenability curve (Jominy curve) was focused on. Boron was
added to a conventional JS SCr alloy steel and Cr content was
adjusted to develop a new steel. During the development process,
the mechanism by which the addition of boron causes a decline
in the hardenability of the carburized case was clarified, and
hardenability was enhanced by the addition of Cr, enabling the
achievement of the development goals.
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ABSTRACT

The Longitudinal Oriented Normative time Gap
compensation (LONG) lighting system is proposed to
enhance conspicuity with regards to the evaluation of
motorcycle distance and speed. This system positions
motorcycle lamps over a wider range in the vertical
direction. Conspicuity was evaluated by measuring the
critical time gap (CTG) with an oncoming motorcycle
in an automobile waiting for a right turn (in left-hand
traffic countries). The results showed that a motorcycle
equipped with the LONG lighting system can have
approximately the equivalent conspicuity as an
automobile.
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Method for Objectively Evaluating Power Steering
Pump Noise and its Correlation with Subjective
Vehicle Feeling Judgment

Jinghong Yu® Drew Ritchie"

ABSTRACT

It is challenging to evaluate the source noise characteristics of a power steering pump unit by the current one-
pressure method. In this research, an effective evaluation system and a single indicator are developed, based on fluid
dynamics in a pipe and 3-point pressure pulsation measurement. The value of the evaluation indicator, which is obtained
from pump’s source flow ripples measured by the new evaluation system, is well correlated with the noise performance
of power steering system in an actual vehicle. It is shown that the new evaluation system and indicator are valuable
tools for investigating the pulsation characteristics of pump units, objective scaling of the source noise properties of
steering systems and developing quiet power steering pumps and systems.

1. Introduction

Power steering noise is one of the issues that affect
vehicle overall NVH (noise, vibration and harshness)
quality. Fluidborne noise (FBN) is one type of noise that
can be noticed in an automotive hydraulic power steering
system. In the system, the power steering pump is the
fluidborne noise source that generates fluctuating flow,
i.e., flow ripples, to the system. The flow ripples of the
pump interact with the connected hose, pipes and
steering gearbox unit to generate pressure pulsations. The
pressure pulsations are transmitted through the fluid to
everywhere in the system and may excite annoying
mechanical vibrations and high levels of airborne noise.
In order to reduce the level of fluidborne noise and
develop quiet power steering systems, it is important to
effectively evaluate and monitor the noise source
characteristics.

Currently, the conventional method to judge the
source fluidborne noise characteristics of power steering
pumps is to measure actual pressure pulsation levels at
one location in a given pump-hose-valve bench system,
which is named as the “One Pressure” method, as
illustrated in Fig. 1. In this method, the pump is
connected to the power steering hose assembly and then
connected to a simple loading valve. The fluidborne
noise level of the pump is evaluated by examining the
pressure pulsation levels at either the hose outlet or the
hose inlet. There are several technical disadvantages with

0 HONDA R&D AMERICAS, INC.

the current method that may affect the effectiveness of
the evaluation. Firstly, the results obtained from this
method are dependent on the entire measurement system.
That is, slight changes to the dimensions of connection
pipes and/or the characteristics of the loading valve will
yield different results. This makes it difficult to compare
test results obtained in different geographical places.
Figure 2 shows an example of the pulsation results for
an identical pump obtained by using the “One Pressure”
method separately from the measurement systems at two
different places. This example shows that the difference
between the results from the two systems can be as big
as 20 dB. Secondly, the results obtained may not reflect
actual noise levels or trends when the pump is installed
in an actual power steering system because the
impedance characteristics of the bench loading valve are
different from those of a power steering gearbox, as
shown in Fig. 3. Finally, measurement results are the
combined effect of the entire measurement system and
cannot be used as objective scaling for the inherent

Feed hose

Loading valve

Fig. 1 Basic system of “One Pressure” method

0 1340



Method for Objectively Evaluating Power Steering Pump Noise and its Correlation with Subjective Vehicle Feeling Judgment

fluidborne noise properties of the pump. Therefore, it is
necessary to establish a new method to evaluate the
independent source characteristics of the pump unit.
The source fluidborne noise characteristics of a power
steering pump which represents the pump’s potential to
excite FBN can be fully described by the following two
parameters: source flow ripple (Qs) and internal
impedance (Zs). Some existing efforts have been given
to the development of experimental methods for
evaluating the values of source flow ripple and interna
impedance. Due to the system dependence of pressure
pulsations, in most of the proposed methods, the
characteristics of every component of the measurement
circuit should be measured or established analytically
first®-®, or another (secondary) pulsation source is
needed®-®. This makes the test circuit and measurement
procedure complicated. One of the simplest and most
accurate methods is the “2 Pressures/ 2 Systems’ method
proposed by Kojima® and used by Kojima and one of
the authors for hydraulic piston pumps®®. This method
can evaluate the source flow ripple and internal
impedance of the pump by measuring only the wave
propagation characteristics of pressure ripple generated
by the test pump itself in a specific reference pipe. Based
on this method, the “3 Pressures/2 Systems’ method was
proposed by one of the authors®™. This new method
integrates exclusively an on-line measurement technique
for the speed of sound in the fluid and a technique for
eliminating flow disturbance effect on pressure sensors
into the basic principle used in the existing “2 Pressures/

— Tested at place A
——Tested at place B

Pressure pulsation

(6 MPa, 11th harmonic)

0 500 1000 1500 2000 2500 3000 3500
Pump speed (rpm)

Fig. 2 Pulsations of pump measured at different
places by using “One Pressure” method

Power steering gearbox

= = = Check valve

Termination impedance

Frequency (Hz)

Fig. 3 Impedance characteristics of power steering
gearbox and check valve

2 Systems” method. The new method has an inherent
potential to yield results with higher accuracy and higher
confidence.

The work to be presented in this paper is directed
toward an evaluation system and evaluation indicator for
the source fluidborne noise characteristics of a power
steering pump, by applying the theory of the “3
pressures/2 systems’ method. After the validation on the
system accuracy and repeatability, a single indicator for
the source pulsation level is defined as the total pulsation
energy of a pump. Then, the correlation between pump
data and vehicle noise performance is presented.

2. Theoretical approach and test system

2.1. Theoretical approach

By the standard “Norton” representation, the source
fluidborne noise characteristics of the pump can be
modeled as a source flow ripple, Qs, connected in
parallel with a internal impedance, Zs, as shown in Fig.
4(a). Consider atest hydraulic circuit consisting of a test
pump, arigid pipe (hereafter referred to as the reference
pipe), a connection pipe and then two loading valves
separated by proper distance, as shown in Fig. 4(b).
Alternative use of Valve 1 and Valve 2 alows a change
to the standing wave in the circuit. On the reference
pipe, there are three dynamic pressure sensors separated
from the pump exit and from each other by distances of
Lo, L and L1 respectively. The circuit is called as System
1 and System 2 separately when Valve 1 and Valve 2
is used to load the system.

Consider unstable, two-dimensional, laminar viscous
flow in the circuit. Based on fluid dynamics in the pipes,
the source flow ripple and source impedance of the pump
can be related to the pressure pulsations P1 and P2 from
Sensors 1 and 2, as expressed by Egs. (1) and (2), where
the prime signs indicate the signals taken from System
2 with respect to the same pump rotational reference
position as used in System 1. This constitutes the basic
theory of the “3 Pressures/2 Systems” method®?.

---- — System

Zs

(a) Pump model

[ Logl, o L L10 J
T T i

| 10 20 30
1

Referencel W Referencel

TestD pipe % Valvel  Valve2
pamp \

Pressurel]
sensors

(b) Measurement hydraulic circuit

Fig. 4 Pump model and basic hydraulic circuit of “3
Pressures/2 Systems” method
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In Egs. (1) and (2), j:\/: , S is the Laplace
operator, w angular frequency (w = 2xf, f is frequency),
p the fluid density, v the kinematic viscosity of the fluid,
r the inside radius of the reference pipe, c the speed of
sound in the fluid. The value of ¢ can be on-line derived
from pressure signals at sensors 1, 2 and 3, based on Eq.
(3) by means of the “Three Transducer” method®2-(4),

P in {M Ll} %sin {M L} sin {M (L+ Ll)} =0 (3)
c

2 2 c Cc

2.2. Experimental system

Figure 5 (a) shows the hydraulic test circuit and data
acquisition system for measuring the source flow ripple
and internal impedance of fluid power pumps by using
the theoretical approach described above.

The lengths of the reference pipe between sensors 1
and 2, the extension pipe between valves 1 and 2, and

(b) System software

Fig. 5 New evaluation system

the reference pipe between sensors 2 and 3 are
appropriately selected for the frequency range of interest,
0 — 1000 Hz. The data acquisition system consists of a
personal computer and a four-channel Fast Fourier
Transform (FFT) analyzer. The sampling of the pressure
ripple signals in the FFT analyzer is triggered externally
by a photoelectric sensor detecting a fixed position of
the pump driveshaft. The computer is used to control the
FFT analyzer for data acquisition and to perform data
processing, with a general-purpose software package
shown in Fig. 5(b) developed with MS Visual Basic for
the interface, Fortran for the data analysis and M S Excel
Macro for report generation.

3. Validation of evaluation system

3.1. Measurement accuracy

The measurement accuracy is validated by two ways.
In the first way, the evaluation system is verified by
comparing the predicted results of pressure ripples, based
on the determined source flow ripple and internal
impedance, with the measured results of pressure ripples
in a pump-pipe-valve circuit. The source flow ripple and
internal impedance, Qs and Zs, of a power steering pump
is measured by the evaluation system described in the
preceding section. The termination impedance, Zt, of the
valve is measured by means of two pressure signals.
Then, the pressure ripple at any locations of the
confirmation system can be predicted, based on the
measured data of Qs, Zs and Zt as well as theoretical
models of fluid dynamics in pipes. Figure 6 presents an

O Measured(]
M Predicted

Amplitude

(810 rpm, 6 MPa)

1 2 3 4 5 6 7 8 9 10 1
Harmonic order

(a) Order spectra

Measured
- = " " Predicted

Pressure pulsation

(810 rpm, 6 MPa)

Time (pump rotation angle, deg)

(b) Time waveform

Fig. 6 Predicted and measured pressure pulsations
at one location on feed pipe of pump-pipe-
valve system
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example of the comparison of the predicted and
measured pressure pulsations at one location on the pipe.
Similar comparison results are obtained for other points
along the pipe. It is shown that there is a very good
agreement between the predicted and measured results
in a wide order range of the pump’s flow ripple. This
indirectly verifies that the evaluation system can yield
evaluation results with good accuracy.

In the second way, the length of the connection pipes
of the test system is changed on purpose so that the
independence of measurement results on pipe dimensions
can be verified. Two different lengths, 320mm and
750mm, are randomly selected for the connection pipe
between sensor 3 and valve 1. Figure 7 shows the
measured source flow ripples obtained by using the
connection pipes with different lengths. The figure
indicates that the change to connection pipe length has
little influence on the measurement results. Variations at
high orders likely result from unstable motor speed and
unstable internal operation conditions of the pump.

3.2. Repeatability of evaluation system

It is very important to make sure that the evaluation
system can provide repeatable results before the system
is used for actual application. To minimize the influence
of possible internal operating uncertainty of pump, a
constant displacement power steering pump is used to
perform repeatability test. The pump is tested nine times
on the evaluation system. To maintain similar operation
conditions to the pump during each test, the driving

H Connection pipe L =0.32 m[]
O Connection pipe L =0.75m

Amplitude of0]
source flow ripple

(750 rpm, 5 MPa)

1 2 3 4 5 6 7 8 9
Harmonic order

10 11 12

(a) Order spectra

—— Connection pipe L = 0.32 m{]
- - - - Connection pipe L=0.75m

Source flow ripple

(750 rpm, 5 MPa)
Time (rotational angle, deg)

(b) Time waveform
Fig. 7 Measured results of source flow ripple of

pump with respect to different connection
pipe lengths

motor is stopped and turned on again before starting each
test, and all other test conditions are kept the same.
Figure 8 illustrates the time waveforms of the evaluation
results for the nine tests. The results show that the
evaluation system and the test pump have acceptable
repeatability for practical use.

1st testl 2nd test= 3rd test
— — — —4th test(————5th testl——— 6th testl
7th test -8th test 9th test

Source flow ripple

(750 rpm, 5 MPa)
Time (pump rotational deg)

Fig. 8 Measured levels of source flow ripple of same
pump from nine different tests

4. New evaluation indicator

Now that we can measure the source flow ripple and
internal impedance of a power steering pump by using
the evaluation system based on Egs. (1) and (2), the
effect of each harmonic component on the source
characteristics of the pump can be readily examined and
evaluated directly from the harmonic spectra and
resultant time waveform of source flow ripple. Beyond
the harmonic analysis, it is also important to be able to
judge the pump overall pulsation level by using a single
indicator.

The source fluidborne noise characteristics are fully
represented by the two parameters, that is, source flow
ripple and internal impedance. The value of internal
impedance is normally determined by the fluid
compressibility and fluid wave propagation inside the
pump discharge passageway. For a given design of
pump, the layout and size of discharge passageway is
fixed, and hence the internal impedance is theoretically
fixed if same test fluid and temperature condition are
maintained. This implies that source flow ripple is the
key parameter to be considered while evaluating the
source pulsation level for a certain type of pump.

A single evaluation indicator is defined here for
evaluating the overall level of source pulsation level of
a pump, by Eq. (4).

k
L, =20log,, fZQf/Q}ef (dB) (4
i=1

where Qi is the i-th harmonic order of measured source
flow ripple and Qref a reference value of 10°® m?/s.
The evaluation indicator represents physically the
total power of the harmonic spectral components of
source flow ripple up to the upper order of the harmonic
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range of interest. Since the source flow ripple is directly
related to the pressure pulsations in power steering
systems and the pressure pulsations are related to the
system vibrations and noise, Lk is an indicator reflecting
the potential of a pump to cause pulsation-induced noise
in a power steering system.

In addition, an A-weighting filter can be easily
included in Eq. (4), if necessary.

5. Correlation between pump data and vehicle
performance

According to source-path-receiver noise transferring
manner, in an actual vehicle, if the power steering hose
and gearbox are fixed and the vehicle sound treatment
package is kept the same, the power steering noise heard
in cabin should be correlated to the source, that is, the
pump’s characteristics.

A correlation test between pump data and vehicle
performance is performed on a vehicle. Four pumps with
basically same design but different levels of source flow
ripple are specially made for this test. Those pumps are
firstly evaluated in terms of the total power of source
flow ripple by using the evaluation system under the
following two sets of test conditions: (1) fluid pressure
of 1 MPaand pump speed of 750 rpm; (2) fluid pressure
of 5 MPa and pump speed of 750 rpm and 1100 rpm.

As the evaluation of vehicle performance, in-car
power steering noise is subjectively judged separately for
the four different pumps by several technical experts
under the following two different conditions
corresponding to those used in bench test: (1) no or
small steering input and idle engine speed; (2) steering
input of partial loading and full lock, and engine speeds
of idle and 1200 rpm. The subjective judgments are
made based on a 10-point ranking system, as shown in
Table 1.

Figure 9 shows the test results for the correlation of
the test pumps and the vehicle noise performance with
pump’s total power of source flow ripple in x-axis and
subjective judgment of vehicle noise in y-axis. It is
shown that there is a very good correlation between the
pump data and vehicle performance. This indicates that

In-car subjective scaling

3] © Idle, no steering inputl
® |dle or 1200rpm, with steering input(
— — Linear (Idle, no steering input)

Linear (Idle or 1200rpm, with steering input)

Level of source flow ripple, Lg

Fig. 9 Correlation of pump unit data and vehicle
noise performance

Table 1 10-point rating scale for subjective judgment

Rating Judgment
10 Excellent

Very good
Good
Acceptable

Marginally acceptable

Borderline unacceptable

Unacceptable

Poor

Very poor

P IN|W|_|OO|O (N[0 |©

Extremely poor

the fluidborne noise characteristics of power steering
pump can be evaluated by the total power of source flow
ripple.

From the correlation data, the fluidborne noise
(pressure pulsation) specifications of pump can be
specified easily based on the flow ripple level at the
cross points of correlation lines and the minimum
requirement line of vehicle performance.

6. Application examples
As one application example, the new evaluation

system and indicator are used to benchmark Civic-class
competitor’s pumps. Six pumps on different small-size

o
S |
2
2
g .
gi ‘ ‘Pump4‘Pump5‘ ‘
3 Pump1l Pump2 Pump3 . Pump 6
2]
©
)
>
()
-
(a) Idle speed without/with little steering input
Q@
S |
2
; l I I
o
3 Pump1l Pump2 Pump3 Pump4 Pump5 Pumpb6
(2]
i)
©
S |
[©]
-

(b) Idle speed with steering input

Fig. 10 Benchmarking results of Civic-class
competitor's pumps
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cars in the North American market are selected for the
benchmarking test. (For confidentiality purpose, the
manufacturers information are not disclosed here.)

The pumps are tested under two different conditions
which duplicate the operation status of interest for power
steering noise concerns. Condition 1 is set to replicate
the idle engine speed without or with very little steering
input, while Condition 2 is set to replicate idle engine
speed with continuous steering turning input.

Figure 10(a) shows the source fluidborne noise
levels with a cutoff order of 6 under Condition 1, and
Fig. 10(b) shows the results under Condition 2. It is
revealed that those pumps have quite different source
characteristics, and some are good for no or small
steering input while the others are good for continuous
steering input. Among them, Pump 5 has the best
balance for both conditions.

7. Conclusions

A new system for evaluating fluidborne noise
characteristics of automotive power steering pump units
has been developed, by using the “3 Pressures/ 2
Systems’ method. A single evaluation indicator in terms
of the total power of pump’s flow ripple harmonic
components was proposed for the level of source
fluidborne noise of power steering pumps. The value of
the indicator can be easily calculated from the harmonic
spectral results obtained by the evaluation system. For
the first time, the fluidborne noise level of pumps was
correlated with the noise performance of power steering
systems in an actual vehicle, and a high degree of
correlation achieved. From the correlation data, the
pulsation specifications of a pump unit can be easily and
logically established.

It has been shown that the evaluation system is
effective for obtaining objective data and the new, single
indicator is valuable for providing objective scaling for
the inherent noise characteristics of a power steering
pump unit. They can be useful tools for developing quiet
power steering pumps and hence quiet power steering
systems.
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ABSTRACT

The influence of shape differences between the
experimental part and the CAD shape, which is thought
to be an error factor in the finite element method, was
verified. Three-dimensional shape measurement and
modeling technologies were applied to power train
structural parts that have a complex shape, and a finite
element model was created that reproduces the real
shape. The shape error between the real shape and the
CAD shape of a prototype transmission case was
clarified, and the vibration characteristics of a model
created from the CAD and a model created from the rea
shape were compared and verified. The results confirmed
that shape error has a noticeable influence, particularly
in the high frequency mode shape. These results clearly
showed the importance of shape reproducibility in a
finite element model, and proved that real shape
measurement technology can be used as an accurate
modeling tool for the finite element method.
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Table 2 Material properties

Young’s modulus

7.2e10 Pa

Poisson’s ratio

0.33

Mass density

2.74e3 kgim"3

Table 3 Comparison of mass

Measurement points : 44

Mass (kg) Error ratio (%)
Measurement 8.24 -
CT base model 8.32 +0.96
CAD base model 8.43 +2.20
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Table 4 Eigen frequency error ratio

Average Maximum
error ratio (%) error ratio (%)
CT base model 0.36 -1.67
CAD base model 1.55 -5.52
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Modelling Carpet for Use in Occupant Crash
Simulations

Dylan Thomas"

ABSTRACT

Predictions of occupant injury using explicit finite element crash simulations may be enhanced by including
numerical representation of materials that are not normally included within the structural model. Intuitively, it makes
sense that the carpet would be useful to predict the tibia index during frontal crash events, however, there appears to
be little published on the topic. The tibia index is an injury criteria that needs to be predicted during the Insurance
Institute for Highway Safety (IIHS) frontal offset occupant simulations, but may also be looked at during unbelted
Federal Motor Vehicle Safety Standard (FMVSS) 208 simulations. Since carpet behaves quite differently during
compressive and tensile loading, a numerical representation that can stably capture both regimes during occupant
modelling is needed.

This paper outlines a method to model the carpet using a specific meshing method and two material models. Shell
elements in combination with a piecewise linear plasticity material model are used to model the tensile load carrying
capacity of the carpet, while brick elements and a foam material model are used to represent the compressibility of
the carpet. Validation of using this modelling method with test data is presented, as well as the application of the

carpet model in larger occupant models.

1. Introduction

Frontal occupant simulations typically require a wide
variety of materials to be defined when creating a finite
element model of the vehicle interior. The carpet
supports the occupant’s heels at the beginning of the
event and may absorb crash energy if sufficient backing
material is present. Since the carpet supports the feet
during the beginning of the simulation, its presence in
the finite element model can affect the kinematics of the
occupant’s legs, which ultimately determines the loads
they can experience during a crash event.

Previous occupant models did not have a
representation of the carpet. In these models the
occupant’s feet were left to interact directly with the
sheet metal of the vehicle floor. Based on previous
development experience it was felt that the simulation
models could be improved if a representation of the
carpet could be included within the occupant simulation
models.

This work highlights the steps taken to include a
representation of the carpet within a finite element crash
model. Samples of carpet were physically tested by
cyclically loading both in tension and compression.
Shell elements are used in combination with a piecewise

0 HONDA R&D AMERICAS, INC.
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linear plasticity material model to represent the majority
of the tensile load carrying capacity of the carpet. Brick
elements combined with a foam material model are used
to represent the compressibility of the carpet.

2. Material testing

Physical tests were undertaken on the carpet materia
using a 25 kN Instron 5866 testing machine. For the
purposes of this work, the tensile loading direction is
defined as being in the plane of the carpet as shown in
Fig. 1. The compressive loading direction is defined as
being normal to the plane of the carpet, which is also
shown in Fig. 1.

To gain an understanding of the tensile loading and
unloading characteristics of the carpet, one sample was
loaded monotonically in tension to failure, while five
samples of the carpet were cyclically loaded and unloaded
in tension. Figure 2 shows a sampling of these tensile
loading tests.  During these cyclic loading tests, each
specimen was loaded to 5 percent engineering strain, then
unloaded and loaded 5 times to generate the first hysteresis
loop shown in Fig. 2. Tensile loading then continued to
10% engineering strain, and 5 loading / unloading cycles
were repeated. This sequence was continued at 5%
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increments in strain until the specimen broke. loading and unloading curves. During these cyclic
The compressive tests were performed in a similar compression tests, the carpet was compressed to increasing
manner as shown in Fig. 3. One sample was loaded compressive strains of 50%, 66%, 75% and 79%. For each
monotonically in compression until the limit of the strain level, five load and unload cycles were performed
machine was reached. Three samples were |loaded before proceeding to the next strain level.
cyclically in compression to generate both compressive Figures 2 and 3 highlight the difference in tensile
= Carpet Compression[]
— direction

\

Tension
direction

R A R

NN

=
= N /
= Mechanical grips W WY
Fig. 1 Tensile and compressive loading directions that were adopted for this work.
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Fig. 3 Compressive loading and unloading test data
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and compressive loading behaviour of the carpet. Figure
2 shows that there are fairly large variations in the carpet
tensile strength and failure strain as each of the four
samples were cut from the same piece of carpet. The
variability of compressive strength is less noticeable, but
still present, as shown in Fig. 3.

3. Finite Element Material Model Creation

From analysis of Figs. 2 and 3, one can see that the
carpet behaves quite differently during tensile and
compressive loading. During a frontal crash event, the
carpet can be both in tension, and compression. For
example, inertial loads placed on the carpet creates
tension that must be reacted internally (by the carpet),
towards the attachment points of the carpet to the
vehicle. In other regions, such as underneath the feet
of the occupants, the carpet can be compressed during
the crash event.

In order to match this behaviour a unique approach
was created that allows both the tensile and compressive
behaviour of the carpet to be modelled. Figure 4 shows
a cross section of a typical carpet construction used in
vehicles. From inspection of the carpet samples it was
felt that the majority of tensile strength came from the
outer layers, while the majority of compressive
compliance came from the pile and middle layer. The
pile layer is comprised of upstanding yarn fibres and a
woven backing. The woven backing is strong in tension,
while the upstanding yarn fibres are weak both in the
compression and tension directions. The height of these
fibres do, however contribute to the overall thickness
dimension of the carpet.

For the current work, it was assumed that the
contribution of the upstanding yarn portion of the pile
layer was negligible. This necessitated that the thickness
of the carpet used in the models to be adjusted to not
include the upstanding yarn portion, but alows the carpet
to be modelled using a simple, three ply construction.
When constructed this way, the outer layers provide the
majority of the tensile stiffness and the middle layer
provides the compressive compliance.

T i

In this manner, the behaviour of the carpet could be
matched during different loading regimes. The tensile
behaviour of the carpet shown in Fig. 2 appears to yield,
but carries an increasing amount of load prior to failure.
This material flow behaviour is similar to metals, which
are represented in many of the commercially available
finite element solvers using linear plasticity material
models. For the current work, LS-DYNA® was used as
the general finite element solver, so the
*MAT_PIECEWISE_LINEAR_PLASTICITY® materia
model was chosen to represent the outer layers. The
compressive loading behaviour of the carpet looked
similar to that of typical foams, so the LS-DYNA
*MAT_FU_CHANG_FOAM® material model was
chosen to represent the middle layer. Similar material
models are available for use in the other commercially
available finite element solvers.

Figure 5 shows the manner in which the carpet
should be meshed for this method to work. For the
carpet that was tested, 2 mm thick shell elements were
used for the top and bottom layers, while a 10 mm thick
layer of brick elements are used for the middle. For
clarity, in Fig. 5 the shells are shown with the LS-PRE/
POST® thickness option, so they appear as brick
elements.

The data from each cyclic tensile test was post
processed using linear regression to find average
Young's modulus values for the initial loading and each
hysteresis loop portion of the test. An average Tangent
modulus was also calculated from the appropriate post-
yield portion of the data. Figure 6 shows these moduli
for the first cyclic tensile test. In Fig. 6, EO represents
Young's modulus, E1, E2 and E3 represent the average
loading and unloading modulus for the first, second and
third hysteresis loops, and ETan represents the tangent
modulus.

The averaged Young's and Tangent modulus
values were used to create a simple
*MAT_PIECEWISE_LINEAR_PLASTICITY
LS-DYNA material model which matched the average
tensile strength of the carpet. This material model
is prescribed to the two outer shell layers of the

4——— Pile layer, with wove backing
+4+—— Insulation layer, fibrous[]
+4——— Backing layer, dense

Fig. 4 Construction of typical automotive carpet

44— Pile layer, type 16 shell elements[]

Fig. 5 Finite element meshing method chosen for the Carpet
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carpet shown in Fig. 5.

The compressive test data shown in Fig. 3 looked
similar to foam materias, consequently the test data was
post-processed to create a *MAT _FU_CHANG_FOAM
material model. In LS-DYNA, this material model has
the capability to model rate - sensitive loading and
unloading, but since rate sensitivity was not tested, just
one loading and one unloading curve was used. The
monotonic loading curve was calculated for each
compression test by taking the cyclic compressive test
data and removing the unloading and intermediate
reloading portions. These resulting monotonic loading

curves were then averaged and smoothed to create a
single monotonically increasing loading curve that
represented the compression characteristics of the carpet.
The same procedure was used to create an averaged
unloading curve, but the loading portions, and
intermediate unloading portions were removed. The
resulting averaged test loading and unloading curves are
shown in Fig. 7 with a very small stress scale on the
ordinate axis.

During testing, a 25 kN load cell was used to obtain
accurate load measurements during the initial
compression of the carpet, which limits the amount of

El

Stress [MPa]

ETan

Strain [-]

Fig. 6 Average elastic moduli that were calculated for each portion of the cyclic tensile test data
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Fig. 7 Averaged and smoothed loading and unloading curves from compression test data primarily representing

deformation of upstanding yarn position
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Fig. 8 Averaged, smoothed and extrapolated compression test data showing loading and unloading curves at
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force that can be applied. For our compression test
specimen size, the corresponding stress levels were less
than 20 MPa. During occupant simulations, the carpet
can be in contact with other materials that have much
higher yield strengths, and localized compressive stresses
may become quite large. Thus, for numerical stability
the curves should be extrapolated to create a more robust
material model. Both the loading and unloading curves
were extrapolated to 99% volumetric strain using a
Hyperbolic function to smoothly extend the data. This
technique, suggested by Du Bois® relates the rate of
change of yield strength with respect to strain:

_|do| |[10-¢g, )
de|. || 1.0-¢, @
where ¢, is the strain value from which the
extrapolation starts. The exponent n should be calculated
from the test data for strain points just below ¢, to get

an idea of what the value should be. The extrapolated
yield strength values are given by:
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i
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Using this method, extrapolated compressive load and
unload curves for the material model were calculated, as
shown in Fig. 8, along with the original test data shown
in Fig. 7. Note that averaged test load and unload curves
in Fig. 8 are the same asin Fig. 7, however the scale on
the ordinate axis in Fig. 8 is 500 times larger, which
allows us to present both the measured and extrapolated
data. This material model is prescribed for the inner brick
layer of the carpet shown in Fig. 5. It should be
mentioned that the *MAT_FU_CHANG_FOAM material
model also requires an Elastic modulus to be prescribed
in the case of tensile loading. For the current study, a
value of 5.0 MPa was used. This value was chosen by
running several of the simulation models described in the
next section to determine the minimum value that was
numerically stable. Unfortunately, this value also
introduces error when the carpet is pulled in the tensile
direction, however since the carpet does not yield during

occupant simulations, the level of error was deemed
acceptable. Nonetheless, it was decided to apply a
correction factor to the tangent modulus that was calculated
in the previous section for the tensile direction, which
mitigated the error.

4. Finite Element Material Model Validation

A simple LS-DYNA simulation model was created
that tested the resulting material models in both tension
and compression. Figure 9 shows the simulation model.
As described earlier, the meshes of both the tensile and
compressive sample are created by extruding brick
elements between two shell meshes. The shell meshes
have a thickness of 2 mm and the thickness of the bricks
is 10 mm. Prescribed motion is used to pull the tensile
sample in the same manner as the cyclic tensile tests,
although only one unload and re-load cycle was
performed at 5%, 10%, 15% and 20% engineering strain.
The compression sample is also simulated in the same
manner as the compression tests, with prescribed motion
compressing and then unloading the sample to the
increasing compressive strain levels of 50%, 66%, 75%
and 79%. As with the tensile simulations, only one load
and unload cycle was performed at each compressive
strain level.

Figure 10 shows the behaviour of the combined
carpet model for the tensile sample. The simulation

Applied tensile motion

Applied compression motion

Fixed—"" ”—lv

Tensile sample Compression sample

Fig. 9 Finite element simulation validation models

| Test
asaaaa Simulation

Force [N]

Engineering strain [-]

Fig. 10 Comparison of finite element simulation to one of the tests during tensile loading and unloading

01510



Honda R&D Technical Review

Vol.20 No.1 (April 2008)

Test

+  Simulation

Stress [MPa]O

0.00 -
0.00

Volumetric strain [-]0

Fig. 11 Comparison of finite element simulation to test data during compressive loading

results are shown as a dotted line, while the test results
are shown as a solid red line. From Fig. 10, it can be
said that the simulation model is capturing the loading
and unloading characteristics of the carpet when pulled
in tension.

Figure 11 shows the behaviour of the carpet model
for the compressive loading and unloading cycles, along
with one of the cyclic compressive tests previously
shown in Fig. 2. The test curve is shown in green and
while the simulation is shown as black points. From
Fig. 11, it can be said that the general loading and
unloading characteristics of the carpet has been matched
in compression.

5. Application in Occupant Crash Models

For a model of the carpet to be included within the
occupant crash models, several steps should be taken.
The carpet should be meshed as described previously,
with a layer of shell elements sandwiching one or more

layers of brick elements. Contact of the occupant with
the carpet should be allowed to initialize prior to the
crash event. This can be performed by allowing the
dummy to settle under gravity, or by prescribed motion
of the occupant to its equilibrium or initial position.
Figure 12 shows an example of the carpet in an
unbelted occupant simulation model. This simulation
model represents the unbelted 40 km/hour United States
Government crash test specified in the Code of Federal
Regulations®. Also shown in this model is the floor mat
which lies on top of the carpet. In these models, the
floor mat was modelled in the exact same manner, using
the same properties as the carpet. This simulation model
was run twice, once with the carpet and floor mat and
once without to show the importance of simulating the
carpet when predicting lower leg injury. This study
focused on improving the lower left Tibia Index
predictions within the finite element models. A future
study will focus on improving the lower right Tibia
Index, which has additional influences such as the

Carpet and floor mat

Fig. 12 Carpet and floor mat being modelled within an unbelted occupant sled model
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accelerator pedal.

Figure 13 shows the lower left Tibia Index of the
occupant for these two simulations compared to test data.
The Tibia Index is a function of the axial load and
resultant bending moments that the lower leg experiences
during a crash test. From Fig. 13, one can see that the
Tibia Index prediction from the simulation model with
the carpet and floor mat was considerably closer to the
actual test than the simulation model without the carpet.
Figure 14 shows the left foot and tibia of dummy at key
points during the simulations, both with and without the
carpet. The key points labelled in Fig. 13 correspond
to the pictures in Fig. 14.

Analysis of the occupant models showed that the
simulation model without the carpet predicted two
additional peaks in the Tibia Index at the points 1A and
3A labelled in Fig. 13. These peaks occurred when the
left heel first came to a stop against the foot rest (Fig.
14-1A), and also when the heel contacted the floor (Fig.

14-3A). In the simulation model without the carpet,
|| e Left tibia indlex (simulation - without carpet)
——— Left tibia index (test)
3A
- 1A
P
[}
°
£
K
=]
|_
0

Time [sec]

Tibia index [-]

higher tibia axial loads were predicted at these times,
which caused the peaks to occur. In the simulation
model with the carpet, the heel did not contact the foot
rest as sharply (Fig. 14-1B) nor did it bottom out against
the floor (Fig. 14-3B).

It is felt that the main reason for the improvement
in Tibia Index prediction was because the carpet is in
contact with the heels of the occupant from the
beginning of the simulation, which prevents high
impulsive loads in the tibia when the foot rest and the
floor are contacted.

6. Conclusions

A method of modelling the carpet during a frontal
crash simulation has been developed. This method
presents the development of two material models, one
for the outer surfaces of the carpet, and one for the
compressible portion. The outer surfaces are to be
meshed as 2 mm thick shell elements and modelled with

m— | oft tibia index (simulation - with carpet)
—*— Left tibia index (test)

2B

3B

A 1B

Time [sec]

Fig. 13 Left tibia index predictions without carpet model and with carpet model

Fig. 14 Comparison of the left foot and tibia kinematics during the occupant simulation with carpet (1A, 2A, 3A)

and without the carpet model (1B, 2B, 3B)
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a piecewise linear plasticity material model. The inner
portion is to be meshed as brick elements and modelled
with a compressible foam model. When this new
method is followed, the simulation is able to reproduce
the behaviour of the carpet during tension and
compression, both loading and unloading. Furthermore,
enhanced predictions of lower leg injury have been
obtained as a result of the improved lower leg kinematics
when this carpet model has been used within occupant
injury models.
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