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ABSTRACT

An ultra capacitor has been utilized as a back up
power source to give the Honda fuel cell vehicle
acceleration performance rivaling that of a conventional
vehicle. To control the difference in voltage between the
two power sources at system start-up or takeoff from
idling stop, a VCU (Voltage and current Control Unit)
has been set between the fuel cell and the high-voltage
device for the traction motor. The VCU charges the ultra
capacitor gradually by chopping control of the current
from the fuel cell equalizing the voltage of the fuel cell
and the ultra capacitor. This prevents the occurrence of
over-current at system start-up or takeoff from idling
stop. When the ultra capacitor is being charged with
regenerated braking energy, chopping control of the
current from the fuel cell by the VCU electrically
separates the fuel cell and the ultra capacitor, and the
current from the fuel cell is restricted. This enables the
energy provided by regeneration to be utilized for
charging the ultra capacitor.
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Power density [W/kg]
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4

Energy density [Wh/kg]

Fig. 1 Comparison of power density of Ni-MH battery

and ultra capacitor

Table 1 Comparison of system configurations

. ) . High-voltage Transmission Braking Power
Basic configuration S - 4
distribution system efficiency regeneration performance
Capacitor-
assisted el Not required High Yes Ir_lstantaneous .
stack high-power assist
system
Ultra
capacitor
Battery- High-voltage [__| Fuel cell Medium
assisted control device stack Required (Losses of high- Yes Power assist
system f voltage controllers)
Battery
Fuel cell . Power and
direct- n Euel cell Not requwed‘ . responsiveness
Traction (Startup device High No
supply stack . depend on fuel
required)
system cell stack
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ABSTRACT

Research on a micro gasturbine generator targeted for
a compact distributed energy resource, which would
contribute to the improvement of energy usage
efficiency, has been conducted. While aiming at a low
emission level by introducing a premixed lean burning
method, the engine has achieved a generation efficiency
of 30.8 and 26.7 percent at the engine and system end
respectively by adopting a recuperator and by reducing
the heat and mechanical loss specific to its compact
structure. Electricity output from the high-speed
generator is converted into commercial power and
supplied in coordination to the power grid. The engine,
inverter and other auxiliary devices have been arranged
into one compact package, achieving the highest
performance and ambience level in the class (of 40
kilowatts). Further modifications of the engine have
improved the efficiency to 32.9 percent at the engine
end.
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Table 1 Major specifications of micro-gasturbine
generator

Items Specifications

Type of output 3 phase 200VAC, 50/60Hz

Rated output (kW) 42 (ISO conditions)

Thermal efficiency (engine end) (%) | 30.8 (ISO conditions)

Thermal efficiency (system end) (%) | 26.7 (ISO conditions)

Emissions (CO, HC, NOx) (ppm) <3
Fuel type Town gas 13A
Dimensions (W x D x H) (mm) 1506 x 942 x 1501
Weight (kg) 950
Life (hr) 60000
Noise level (dB(A)) 65 (at 1m)
Permanent
magnet Gasturbine
Oil cooler generator engine

Air pump

Metering

Power
drive unit
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Fig. 1 External view of micro-gasturbine generator

Fig. 2 Internal view of micro-gasturbine generator

Fuel gas booster
valve

Fuel
(Town gas 13A)

Grid connect output
(3phase 200V)

Contactor

Fig. 3 System diagram of micro-gasturbine generator
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Table 2 Engine specifications at 1ISO conditions

ltems Specifications
Version 1 | Version 2

Engine speed (rpm) 77000
Turbine inlet temperature (°C) 900
Max. electrical output (kW) 47.8 51.7
Engine efficiency (%LHV) 30.8 32.9
t%ﬁggﬁtg efficiency (%)| 876 90.6
Dimensions (mm) $460 x L840
Weight (kg) 145

With recuperator

——
—
: P
15 Recuperator performance
Temperature efficiency = 90%

35 ‘

30— Version 2 data

25

Effect of recuperator

Without recuperator

Engine efficiency (%)

101 | Pressure drop = 6.5%
5 Turbine inlet temperature = 900°C
; RN
0 2 4 6 8 10

Cycle pressure ratio

Fig. 9 Relation between cycle pressure ratio and
engine efficiency

0110

Version1lOOOOODODOOOOOOOOOCODOODODS7.6
goOoOoOoOoOoOoOOgle8OoOooOoOoOOO Version2
goooboooooooobooooooooboboobooooo
oooboooooeehooobouooooooobboo
OO0 3R90°°000000000000

gooootioooooooooooo™mTiToooo
gboboboobooboooboobooboboboboonoog
oooboooooooooobbooobooogoTimeoon O
gboboooooobobobobobo FrEM OODOO
ooboo0ooooooboobooogn eoco00 ODOO
gbooboooooooobgoobo

gboboboboobooooobooboobooboban
gboboboboooboooboooobooboboboooo
gboboooooobooboobobobo

gbobooboboboboobooooooooobooon
gbooooooan

41.0000

0000000000000 Table3OFig. 10 0000
gbobobobooboooboooobooboboboong
gooboooooooo

Table 3 Recuperator specifications

ltems Specifications
Core size (mm)| 430 xL289
Core weight (ka) 45
Material SUS304
Plate thickness (mm) 0.1
Flow rate (kg/s) 0.4
Temperature efficiency (%) 90.6
Pressure drop (%) 6.4
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Taper passage

Fig. 10 Front view of recuperator with two different
passage types
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Table 4 Generator specifications

Items Specifications
Generator type Permanent magnet
Rotor size (mm) $48.8 x L90
Magnet material Nd Fe B
Stator type Slotless
Electromagnetic conversion (%) 97
efficiency

S .

$48.8

Hl_ha- - i
ﬂ?ﬁ’ £ (mm)

Fig. 16 Cross-sectional view of generator rotor
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Fig. 18 External view of stator coil
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Table 5 Electric power control unit specifications

ltems Specifications

Type of control 3 phase PWM control
Output power (kW) 42
Efficiency (%) 95.1

Total harmonic distortion (%) 35

Power factor 0.99

Volume (litter) 87

Weight (kg) 98
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Presentation of RC211V Equipped with 4-Stroke Engine
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ABSTRACT

The 4-stroke engine road racer, RC211V, has been
developed with concept as “Launching of Honda's own
advanced technology in pursuit of speed and
functionality”. Employing a light and compact 4-stroke
V-type 5-cylinder engine for the first time in the world,
it was aimed to realize linear torque characteristics, easy
operational traction characteristics, high controllable
handling by mass concentration and better turning ability
than 2-stroke road racers. A semi dry sump crankcase
utilizing the transmission room for oil tank, and pressure
controllable fuel injection system were adopted to
achieve the performance target of engine. In addition, the
specified minimized weight, 145 kg, for 5-cylinder
engine motorcycles was satisfied by employing of a new
type of aluminum twin spar frame, a low gravity fuel
tank and a Unit Pro-link suspension on the frame body
and the suspension, as well as by weight reduction of
each part.
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Fig. 1 External view of RC211V

Table 1 Major specifications

ltems Specifications
Overall length (mm) 2050
Overall width (mm) 600
Overall height (mm) 1130
Wheelbase (mm) 1440
Ground clearance (mm) 130
Vehicle dry mass (kg) 145
Engine type Liquid cooled 4-stroke
DOHC five cylinder
Engine displacement (cm?®) Under 990
Valve train DOHC 4 valve
Max power Over 160kW
Throttle body type GQ type
Fuel capacity (Liter) 24
Clutch type Dry multi-plate type
Transmission 6 speed constant mesh
Tire size Front 12/60-17
Rear 19/67-16.5
Brake system Front Double, Carbon disk
Rear Single, SUS disk
Suspension Front Telescopic
Rear Unit Pro-link
Frame type Aluminum twin-spar
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New 4 stroke performance study
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Fig. 2 Comparison of power-weight ratio
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Table 2 Regulation of Moto-GP (from 2002)

Engine type 4-stroke 2-stroke
Engine displacement (cm3) Maximum 990 350 ~ 500
Cylinder quantity Free Maximum 4
Supercharging Prohibition Prohibition
Over 6 4~5 Under 3 4 3 2

Vehicle dry mass (kg) cylinder cylinder cylinder cylinder cylinder cylinder

155 145 135

131 116 101

(Oval piston) 155 155 145
Fuel capacity (Liter) Maximum 24 Maximum 32
Noise (dB) Maximum 125 Maximum 113

V5: R1 317mm  V4: R1 380mm
R2 295mm

L3: R1 440mm
R2 335mm

R1: Circumscribed circle from center of gravity to air intake
R2: Circumscribed circle from center of gravity to cylinder head

R2 340mm

V2: R1 435mm
R2 380mm

L4: R1 415mm
R2 315mm

Fig. 3 Comparison of engine size

Fig. 4 Cutaway drawing of RC211V engine

Fig. 5 FEM analysis model of crankshaft
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Fig. 6 Weight balance of cylinder
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Fig. 7 Engine performance curve
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Fig. 8 Structure of crankcase
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Fig. 9 Effect of new crankcase
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Development of Variable Mowing System (VMS)

Christopher OSBORNE-"

Dean HARTLEY"® Vincent PRINZO®

ABSTRACT

The HRX217 lawnmower was developed for general
consumer use based on the key concept of maximizing
performance in both the bagging and mulching modes
of operation. Performance has been increased by the
development of a variable mowing system (VMS). The
variable mowing system allows the customer to select
either the bagging or mulching configuration for their
lawnmower by easily rotating a lever. This gives the
customer a never before achieved control on the
performance of his/her lawnmower. Notably, this is
done without the customer having to remove or replace
any parts, or use any tools. The VMS technology was
also achieved without an increase in cost to the customer
over existing mulch plug technology. Lastly, the VMS
significantly reduced the overall quantity of grass
clippings collected in the bagging mode, therefore
reducing the environmental impact of grass clipping
disposal.
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1. Introduction

Approximately 5 million lawnmowers are purchased
in the USA each year. As part of our lawnmower
developments, we strive to provide new and innovative
features to improve the lawn mowing experience for our
customers. It was during interviews with customers that
we noticed an increasing number of lawnmower users
that want to be able to bag a portion of their lawn and
mulch the remaining (Fig. 1). The existing models can
accommodate this situation, but the customer is required
to remove parts from the mower and store them. Many
times these parts are lost or inconvenient when the
customer is ready to change modes.® @ From this
customer demand, the variable mowing system (VMS)
(Fig. 2) was developed, and this report will detail the
background of this development.

0 Honda R&D Americas, Inc.

0250

Some conditions that don’t result in

Mulchin
performangce good mulching performance.
#23 " \
Wet grass Must bag
Debris

Fig. 1 Mulching performance
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Development Goals

The development concept for this product was

defined as a high-performance lawnmower that anyone
can easily operate. In specific terms, the goals were as
follows:

@

)

©)

Attain best in class performance in both mulching and
bagging modes (this normally requires two separate
models each designed for their respective purpose)
Increase the convenience for the customer to convert
between mulching and bagging modes. Achieving this
ability without the use of any tools was also a goal of
the development.

Provide new functionality by allowing apartial mulch/
bag operation that allows the customer to choose what

percentage of grass clippings were mulched or bagged.
Improve bagging performance by increasing the
distance which the customer can mow between bag
clearings, while maintaining the high appearance
standards expected by the bagging customer.

(4)

2. Basic Configuration

Table 1 lists the major specifications of the HRX217
lawnmower shown in Fig. 3.

The HRX217 distinguishes itself from other
lawnmowers by its main new technology, the VMS. The
VMS is exclusive to the Honda HRX, and this is the first
machine in the world to use such a technology. The
VMS itself consists of several components which replace
the conventional mower mulch plug (Fig. 4).

Table 1 Major specifications of HRX217
Item Specification
Model name HRX217
Engine model name GCV190
Engine type Air cooled single cylinder
OHC 4-stroke
Engine 187 cm?®
displacement
Maximum power 6.5 HP
Dry weight 43 kg (95Ibs)
Blade diameter 530mm / 21”
T/M speeds 3
Maximum speed 1.75m/s (4mph)
Height adjust 19 — 100 mm
range (3/4” - 4”)
Wheel diameter 228mm (9”)

&

Fig. 3 HRX217 PP1 Machine

Bagging mode

VMS mode

Mulching mode

Fig. 2 Clipping path in various modes of VMS
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Fig. 4 Mulch plug part from previous model

The grass flow with the VMS can be controlled by
merely rotating a lever behind the engine to place the
mower in either mulch mode, bag mode, or someplace
in between. This allows the customer to select their
lawnmower’s mode at any time, on the fly, without the
need for additional parts or the use of hand tools. The
direction of the grass clippings is controlled by means
of arotating shutter scroll located under the housing and

Bagging mode -

Mulching mode

Fig. 6 Prototype in both positions

hidden from operator view. As the customer rotates the
convenient lever on the top of the mower (Fig. 5), the
shutter is placed to either allow clippings to escape
through the back of the mower into the bag, or when the
lever is placed in the mulch position, the shutter scroll
closes off the bag chute and diverts grass clippings to
the ground for mulching (Fig. 6).

This actuation is achieved by means of a lever that
rotates on a boss molded into the polymer cutter housing
of the lawnmower. This lever is held in its various
positions by means of notches molded into the opening
in the cutter housing which the lever isinstalled. These
notches provide not only the full mulch and full bag
positions, but also 8 positions between. These additional
settings allow the customer to choose the amount of
grass clippings which are bagged or mulched, depending
on their own preference and lawn conditions.

Several different constructions were considered
before arriving at the final shape seen in Fig. 7. Some
ideas which the team evaluated included a shutter which
closed across the bag chute in alinear path. This proved
to be difficult to support in the outermost position and
was abandoned in favor of the rotating type of shutter.
Once the final shape and configuration was chosen as
the rotary type (Fig. 7), the shape was modified
numerous times in order to maximize the flow of grass
clippings and minimize clogging of the opening to the
bag chute. After showing this concept to customers in
focus groups, the sales division decided to name this
feature the “Clip Director” (Fig. 5). This name conveys
the ability of the customer to direct the grass clippings

Fig. 7 VMS mechanism & components

Fig. 8 Ramp scroll

0270



Honda R&D Technical Review

Vol.15 No.2 (October 2003)

as they want for their own conditions. It is also
important to note that the Honda HRX217 is the first
Honda mower to achieve the specification of “4 in 1”
in the box. In other words, without purchasing any
additional parts, the customer can mulch, bag, discharge,
or leaf shred (four functions by one machine, also known
as 4in 1). Thisis a milestone achieved only by the
introduction of this model.

The improved performance of the HRX217
lawnmower in the bagging mode was achieved by the
use of ramp scroll (Fig. 8).

This scroll is added to the underside of the cutter
housing slightly forward of the rotating shutter scroll.
The ramp scroll provides a downward airflow just before
the beginning of the bag chute. The airflow helps reduce
the number of clippings directed into the bag, and forces
some clippings into the blade to be cut into smaller sizes
before being stored in the bag. The ramp scroll also
decreases the cross sectional area of the cutter housing
at the entry to the bag chute. This decreased area causes
an increase in air velocity which helps prevent grass
clogging during mulching and VMS operation, and helps
fill the bag more efficiently during bagging. The ramp
scroll is an integral part of the VMS system and helps
improve its overall performance significantly.

The improved performance in the mulching mode
was achieved by several changes. New blade shapes
were introduced with the primary design change being
an increased offset between the upper and lower blades
cutting edges (Fig. 9). This allows for a more efficient

Previous model — Newly developed

Fig. 9 Blade offset change

Previous model

HRX217

e e

Fig. 10 Cutter housing shape change

cutting of the grass with less clogging of the cutter
housing under severe conditions. The most significant
effect on the mulching performance was achieved by
optimizing the cutter housing shape itself (Fig. 10).

Allowing enough volume for the amount of grass
clippings cut, while maintaining enough vacuum lift to
pull the clippings up into the housing, is the key to a
good housing shape. Also, the clearance between the tip
of the blade and the cutter housing was reduced in order
to improve the ability of the cutter housing to circulate
clippings until they are cut to smaller size. Lastly, the
scroll ramp (Fig. 8) improves mulching by diverting
clippings from the upper portion of the housing back into
the blade, resulting in smaller clippings as well.

3. Performance

The bagging performance of a lawnmower is based
on two fundamental aspects. First is filling the grass
catcher as full as possible between bag clearings.
Second is traveling as far between bag clearings as
possible to save time. The VMS system accomplishes
both extended distance and fully filling the bag.

The VMS system’s performance envelope is best
illustrated in Fig. 11. The illustration is divided up into
3 zones: bagging, mulching and VMS. The performance
zones are predominately defined by grass conditions
(height, thickness, dampness) and distance to completely
fill the grass bag. The bagging zones are divided up in
four vertical zones. Each zone expands out as distance
increases and grass severity decreases. Fundamentally,
closing the VMS shutter cuts the grass into smaller
pieces and places the smaller grass particles back into
the lawn which ultimately increases the distance. Asthe
condition becomes more severe, the VMS must be
opened to achieve the same performance as in a dry
condition. The horizontal zones are to define the
traditional lawnmowers limitations when grass conditions
become severe. The limitation of traditional

A
Severe
Variable mulching zone N
5 75% Position
S 50% Position
Q
(]
S 25% Position
S ||Bagging\ vms
zone ZOf‘19
\
HRX m}Iching\zone
Currentiprodictimulching
Easy (ComprA/ \Comp!B)
0 Distance Long

Fig. 11 VMS performance envelope
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lawnmowers occurs due to dedicated modes; either 100%
mulching, or 100% bagging. When the grass condition
becomes more severe, the ability to use both modes
(VMS mode) is instrumental in achieving the improved
performance. As for the HRX217, the VM S expands the
performance into a more severe condition because of the
combination bagging / mulching of grass clippings.
Another way to illustrate mowing performance is by
showing how it effects the customer’s time and
convenience. Many municipalities are restricting grass
clippings to be placed in the landfills. This has caused
an increase in the desire for mowers that produce less

Shutter Job Distance # of
position type (/ Bag)

100% —@ Bagging
= =5 |

VMS

O
oo
O

75%

&
4
>
4
4
&
4

O
Oo
O

50% VMS

&
4
o
4
o
o
4

25% VMS

0% Mulching

mé §
O
ugov
o .OOL
<0
‘OJ

Fig. 12 VMS bag performance at different settings

600

500

400

300
200
100

0

Traditional Open 75% 50%  35% 25%
lawn mower

Distance (m)

Fig. 13 VMS bagging distance at different settings

yard waste. The VMS system is the answer to this
environmental trend. The chart shown in Fig. 12,
illustrates how opening the VMS shutter (35%, 50%,
75%, etc) decreases the amount of times the grass
catcher fills up. In optimum conditions, bag emptying
decreases by up to 66% when compared to a traditional
lawn mower that has fixed operation modes. The shutter
position (in column one) helps illustrate this function.

The third column, distance, is the distance required
to fill one typical grass bag. The added distance to fill
the grass bag translates into less bags to dispose of. The
fourth column, bag clearings, is the expected number of
bags you might have over a typical 1/4 acre lawn.

The mowing distance is shown in Fig. 13. The
actual data shows how the mowing distance varies
between grass bag clearings. The grass is held within
the housing for a longer period of time before passing
through a narrower opening in the discharge chute.
The added time in the deck will cause the particles
of grass to become smaller, and in doing so, the
mower is able to pack clippings tightly into the grass
bag. This effect increases the distance between grass
bag clearings.

4. Summary

The following achievements were made in the
development of the variable mowing system for the
HRX217 walk-behind lawnmower:

(1) Along with normal mulching and bagging modes, the
VMS system also provides new functionality allowing
the customer to find an optimal mowing position in
between mulching and bagging that recycles some of
the grassto the ground, while still giving the clean look
of bagging.

(2) Thecustomer’soptima VMS setting leads to less bags
of grass collected over the entire lawn than the bagging
mode by increasing the distance to fill the bag by
partially mulching. This equalsless bags of clippings
at the curb, which will cost most customers less money
for services to collect, and will be better for the
environment.

(3) Customer convenience wasincreased by allowing them
to convert from bagging, to mulching, to anywherein
between with the ease of turning alever. No extramulch
plugs or tools are required to do so as in conventional
lawnmowers.

(4) Theshape and configuration of the cutter deck, blades,
rotating scroll, and the deflection scroll developed for
the VMS system resulted in the best pure mulching and
pure bagging cut quality of any single Honda
lawnmower.

(5) A rotating shutter scroll was developed for the VM S
system which rotates just above the blade in the path of
the cut grass. Developing the shape and durability of
this part was the key to the performance of the VMS
system.

(6) The VMS system, while adding convenience and
excellent performance, does not add any extra cost to
the customer over a conventional system.
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5. Conclusion

The variable mowing system on the HRX217 has
achieved a new level of performance, convenience, and
versatility for a walk-behind lawnmower. The concept
for the variable mowing system came about from
listening to customers needs for cutting performance and
convenience, and from trying to add more value to our
products by adding new features for the same price.

The variable mowing system will build new
excitement around the HRX217 and the entire Honda
lawnmower lineup. The development of the variable
mowing system was made possible by the cooperation
and dedication of Honda R&D Americas, Inc., Honda
R&D Co., Ltd. and American Honda Motor Co., Inc.
The authors would like to thank all the members of those
departments that worked to make the HRX217 a reality.
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ABSTRACT

An experimental hydrogen refueling station using
solar radiation has been built in order to propose a
solution for energy and global environmental issues. The
system total efficiency of 6.5% is achieved by using an
electrolyzer with a newly composed catalyst. As aresult,
it is predicted that this would produce enough hydrogen
to drive afuel cell vehicle for 10 000 miles per year with
8kW capacity from photovoltaic modules. Also, CO,
emissions for production of hydrogen per unit were
reduced to one-fifth by employing a CIGS thin film
compound photovoltaic module, as compared with a
single-crystalline Si photovoltaic module. The hydrogen
refueling station has enabled to demonstrate a form in
which future hydrogen production may appear, as well
as a design indicating the hydrogen society is coming
closer.
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Fig. 1 External view of Hydrogen Refueling Station
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Fig. 2 Design image sketch

Table 1

Major specifications

Iltem

Specification

Hydrogen generation

2Nm?%h (Max.)
2 278Nm°®/year

System efficiency

6.5%

Unit size (L x W x H)

600 x 600 x 1200
(Electrolysis unit & Dispenser unit)

Storage volume

110 Nm?®

Charge pressure

35 MPa (Max.)

Charge system

Pressure gap

Energy source

Photovoltaic modules 8.4kW
Grid power (aux.)

Type of electrolysis

Solid polymer electrolysis membrane

Input material

Tap water

Purity of hydrogen

99.9999% (without water)
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ABSTRACT

Vehicles such as the new Honda Accord PZEV
(Partial Zero Emission Vehicle) can help California and
other regions achieve their air quality objectives.
However, the potential impact of this technology upon
air quality is not fully understood by regulators or by
the general public, and it has not been accurately
quantified. For this reason, Honda has initiated a
research center at the University of California, Riverside,
for the “Study of Extremely Low Emission Vehicles”
(SELEV). There are three interrelated objectives for this
center: (1) Measure the emissions of advanced-
technology vehicles under real-world conditions; (2)
Build a database of vehicle population and activity; and
(3) Use these data to develop air quality models that can
accurately assess the impact of near-zero-emission
vehicles.

This paper will detail the development and validation
of an on-board system capable of determining mass-
based emissions, and the use of this system to prove that
advanced-technology vehicles maintain their emission
performance under real-world driving conditions. It will
also be shown that data collected during this program
can be used to improve the accuracy of emission
inventory predictions. The preliminary, encouraging
results of this program have been recognized by the
California Air Resources Board (CARB), and some of
the recent changes in the ZEV regulation reflect the real-
world near-zero emission vehicle performance being
confirmed in this research program. This program has
also received the attention of the national media.
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1. Introduction

1.1. Background

In the 1980's, it became clear in the US that vehicle
emission standards would require additional tightening.
As a result, the Clean Air Act was amended in 1990,
thereby producing the federal “Tier 1" standards. In the

O Honda R&D Americas, Inc.
00 HondaR&D Tochigi Center

same year, the California Air Resources Board initiated
the Low Emission Vehicle (LEV) program, a key
component of which was the Zero Emission Vehicle
(ZEV) regulation. Several additional states subsequently
adopted the California program. The concept behind the
ZEV regulation was that Battery EV technology |ooked
promising, and in 1990, CARB considered gasoline-

0 O O University of California Riverside, College of Engineering [0 Center for Environmental Research and Technology
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powered vehicles to have limited emissions reduction
potential such that air quality goals could not be
achieved.

However, at the dawn of the 21% century, a
technological breakthrough occurred that could not have
been foreseen a decade earlier. Gasoline-powered
vehicles began entering the market with emissions at
near-zero levels. For example, most Honda Accords sold
in California in 2003 had emissions essentially
equivalent to that of an electric vehicle, when the
powerplant emissions associated with the latter are
considered. Current air quality predictions do not
account for the impact of this technology, because it has
not been quantified. Therefore, the government agencies
could not accurately account for these “Extremely Low
Emission Vehicles’ (ELEV) vehicles in their regulatory
framework. Environmentalists and the general public
remained skeptical that a vehicle powered by gasoline
could be so clean.

It was against this backdrop that the CARB, US EPA,
and Honda initiated the SELEV Center at the University
of California, Riverside. The purpose for establishing
this center was to establish an independent, credible
entity with the ability to objectively measure and assess
the effect of ELEV technology upon air quality. The
University’s College of Engineering Center for Emission
Research and Technology (CE-CERT) group was
uniquely suited for this role, due to their extensive
experience with emission measurement and air quality
modeling.

1.2. SELEV strategy

The key components of the SELEV Center are shown
in Fig. 1. A cornerstone of the program is the collection
of real-world data. It was known that ELEV's perform
well under laboratory conditions, but laboratory
measurements alone cannot confirm the performance of
these vehicles under actual-use situations. Therefore,
tailpipe emissions were measured while the vehicles
were being driven on the road, using an on-board

¢ On-board emission measurement

» VVehicle activity & fleet distribution

* Real-world emission inventory
e.g. SELEV-enhanced EMFAC+CMEM

sjuswainseaw Alojeloqge]

 Air quality modeling
e.g. CAMx or CMAQ

Quantify societal value of extremely

low emission vehicles

Fig. 1 Overview of SELEV Center strategy

analyzer. Another group of CE-CERT researchers
collected data regarding the current vehicle activity and
fleet distribution in Los Angeles; i.e., driving patterns
and a breakdown of the various vehicles classes. These
data were then used to improve California’s existing
emission inventory, using modeling tools such as CMEM
(Comprehensive Modal Emissions Model) and
modifications to current inventory models. CMEM is
described later in this paper. Traditional laboratory
measurements were used to provide some of the data
used to calibrate CMEM, and also to validate the
accuracy of the on-board measurement system. For the
final step, the inventory data were prepared for use in
air quality models, thereby permitting the assessment of
ELEV impact upon the air basin of an entire city.

2. Experimental

2.1. On-board emission measurement

2.1.1. Background

The importance of measuring the emissions on board
a vehicle under real-world conditions is well understood.
For example, the US EPA is seriously considering the
implementation of “on-vehicle” compliance standards,
and perhaps even on-vehicle certification. The reason
for this is that the EPA has discovered that some low-
emission technology emits two to three times the
standard under real-world conditions, despite the fact that
the standards were met in the laboratory. The National
Academy of Sciences is also pushing the EPA to use on-
board measurement to assess the effect of federal
emission regulations @@ |

Within the SELEV Center, the measurement of on-
road emissions serves two purposes: (1) It determines the
real-world performance of ELEV technology, and
confirms that the near-zero emission levels measured
under laboratory conditions are realized in actual on-road
driving; (2) It provides emission calibration data for
modeling tools such as CMEM.

2.1.2. Hardware

The on-board analyzer assembled by CE-CERT was
based upon technology developed by Honda R&D, Los
Angeles®®@. The accuracy of Honda's FTIR-based
system compared favorably to traditional laboratory
techniques, based upon an independent assessment
performed by CE-CERT®. The Honda system was
dedicated to a single vehicle, and was designed to
simultaneously measure ambient air quality and tailpipe
emissions. In contrast, the CE-CERT system was
designed to be easily transferred between vehiclesin less
than two hours, and required only a single FTIR (Fourier
Transform Infrared Spectroscopy) analyzer. Most of the
system hardware was contained within two modular
components: a sample conditioning module and an
analytic module; Fig. 2. The conditioning system
consisted of two Nafion (Nafion is registered trademark
of E.I. du Pont de Nemours and Company.) driers, one
fitted with a piezoelectric cooler to increase efficiency.
Sample water content was maintained at a constant low
level through the use of dewpoint feedback control. The
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Moisture

'
pump

Inverter

?—'\ system

(heated)

Exhaust sample line

Fig. 2 Modular on-board analyzer system developed by CE-CERT

analytic module consisted of a modified FTIR with an
8.3 meter cell. The CE-CERT system also included
instrumentation to record vehicle speed, location, and
various engine operating parameters. This permitted an
accurate measurement of tailpipe emission on a mass
basis. Also, emission performance could be correlated
to specific events, such as acceleration on a freeway on-
ramp.

2.1.3. System validation

The validation of this system was a two-step process.
The first step was to confirm that the on-board analyzer
could match the accuracy and precision of a traditional
dynamometer system; i.e., a CVS (Constant Volume
Sampler) and bench analyzers. A variety of low-
emission vehicles were tested in a dynamometer
laboratory, while the on-board system measured
emissions concurrently with the dyno bench analyzers.
No information was shared between the two analytic
systems; i.e., the mass-based emissions were calculated
for the on-board analyzer using only the data acquired
from the vehicle’'s ECU. The second validation step
involved driving the vehicles over a test cycle (e.g. FTP-
75) on the road, while the on-board analyzer collected
data. Because this procedure was very challenging for

Data collected concurrently B Chassis dynamometer
(in laboratory) B On-board analyzer
B On-board analyzer at HPCC

Separate test (on road)

0.025
0.02

0.015

0.01 1

Emissions (g/mile)

0.005 1

0 -

NMHC NOx CO/10

Fig. 3 Validation of CE-CERT on-board analyzer.
Test vehicle = 2001 Honda ULEV Accord.

the driver, it was conducted at the Honda Proving Center
in California (HPCC). These tests were critical, because
the analyzer system must retain its accuracy and
precision in on-road conditions to produce credible real-
world data.

The on-board analyzer passed both validation steps,
as can be seen in Fig. 3. In this example, the first two
columns in each set represent the laboratory testing with
results collected concurrently from the dyno bench and
on-board analyzer, and the third column represents the
separate on-road testing.

2.2. Laboratory testing

In addition to validating the on-board analyzer,
laboratory testing fulfilled other requirements of the
SELEV Center research. For example, data collected
during laboratory testing, such as catalyst efficiency, was
used to calibrate the CMEM emissions inventory model.

All testing of SULEV-technology vehicles was
performed at the California Air Resources Board
laboratory in El Monte, because the CE-CERT laboratory
was not certified to test SULEVsS. In one interesting
example of this work, the on-board analyzer identified
a contamination problem in the CARB’s laboratory

Total Hydrocarbons
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— CARB chassis dynamometer
— On-board analyze
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o
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Fig. 4 Contamination of CARB laboratory system
discovered by on-board analyzer
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system during US06-cycle testing; see Fig. 4. Similar
contamination was discovered at the CE-CERT
laboratory. In both cases, it was due to the out-gassing
of emission sampling hardware during periods of high
temperatures. These problems were subsequently
corrected.

2.3. Vehicle activity patterns and fleet distribution

In order to determine mobile source emission
inventories using models such as CMEM, it is necessary
to have a good understanding of vehicle activity patterns
and fleet distributions for the target area. In the SELEV
program, vehicle activity was measured in three cities
within the South Coast Air Basin. Within each city,
three types of roadways were studied: Freeway, arterial

(major non-freeway highways), and residential.

Equipment used for this study:

A. Digital video camera, with automated data analysis;
“Autoscope’. This equipment provided data such as
average speed, vehicle type, and traffic volume.

B. High-resolution digital video camera. This camera
captured the license plates of passing vehicles. The
Vehicle ldentification Number (VIN) could be
determined by cross-reference with the license data,
thereby providing information such as vehicle make,
model, catalyst type, etc.

C. Instrumented vehicle. Thisvehiclewasdriven aong the
targeted roadways during monitoring periods, providing
speed, acceleration, road grade, and position dataon a
second-by-second basis.

Equipment configuration “A” is shown in Fig. 5,
together was an example of the data. This Fig.

demonstrates how the Autoscope placed “virtual
detectors” on the video image during post-processing.
Vehicles passing through these detection areas were
automatically counted and classified as to speed and
vehicle class. This data example indicates average speed
over the various roadways monitored in the city of Yorba
Linda.

2.4. Emission inventory models

An accurate inventory of emissions is a prerequisite
to the understanding the factors that affect air quality.
The on-road mobile source emissions models used today
for inventory and regulatory purposes are MOBILE,
which was developed by the USEPA®, and EMFAC,
which was developed specifically for California®.
These two models are structured similarly and they
calculate mass emissions by multiplying the vehicle
activity data by the emissions factors. Both models have
built-in assumptions for emission rates, deterioration
rates, and other factors. Unfortunately, these
assumptions are generally not appropriate for ELEV
technology, and can lead to an over-prediction of the
emissions for these vehicles. The data being collected
in the SELEV program will allow appropriate
adjustments to be made to these default assumptions.

CE-CERT has developed CMEM, which takes a
different approach to vehicle emissions modeling. The
CMEM framework computes a vehicle's emissions based
upon operating mode. For example, the number of stops,
acceleration events, the traffic conditions, and other
factors are accounted for in the CMEM framework.
Specifically, CMEM uses a power-demand modal

ele[eT

|1 xlglg 7|0
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speed
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Fig. 5 Measurement of vehicle activity patterns and fleet distribution.

Equipment configuration “A”.
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modeling approach based on a parameterized analytical
representation of emissions production. In such a model,
the entire emissions process is broken down into
different components that correspond to physical
phenomena associated with vehicle operation and
emission production®. Each component is then modeled
as an analytic representation consisting of various
parameters. The architecture of the model is shown in
Fig. 6. Over 400 extensive dynamometer tests were
used in the development of the CMEM model.
Laboratory and on-road data collection during the
SELEV program have enabled the development of
CMEM modules for vehicles with emission categories of
ULEV and below. This aspect of the program is still
in progress; the elements currently being modified to
accommodate ELEV technology are highlighted in Fig.
6. This enhanced version of CMEM can then be used
as a supplement to the SELEV-modified EMFAC,
resulting in an emission inventory that will reflect the
introduction of ELEV technology.

Engine
Speed

Input
Operating
Variables Tailpipe
Emissions

Fuel Rate
& Fuel Use

(FR)

Power

Catalyst
Demand

Pass
Fraction
(CPF)

Model Emissions

arameter:

Air/Fuel
Ratio |

* Stoichiometric
* Rich
¢Lean

* Cold Start

fuel

tailpipe emissions = FR « [796355“’%] * CPF

Fig. 6 Basic architecture of CMEM modal emission model.
Blue areas are being modified to accommodate
ELEV technology.

2.5. Air quality modeling

Emission inventories are the major component of air
quality models. Other key components are
meteorological data and photochemical reaction
mechanisms. These sophisticated air quality models can
predict the concentration of ambient air pollutants. An
example of the output of one such model, CAMX
(Comprehensive Air Quality Model with extensions), is
shown in Fig. 7.

280.0 39

210.0

Ozone Production (ppb/day)
3
o

August 3, 1997 16:00:00
Min= 21.7 at (17,5), Max= 284.8 at (19,24)

Fig. 7 Example of CAMx air quality model prediction
of ozone production for Southern California.
(August 3, 1997.)

This figure represents the CAMx “prediction” of
ozone production for Southern California over a specific
timeframe in 1997. In the SELEV program, the 1997
air quality scenario will be compared to a predicted
scenario for the year 2010. In this prediction, a high
percentage of ELEV's will be assumed. Other emission
sources, such as stationary and biomass, will be held
constant. In this manner, the impact of ELEV
technology upon air quality can be quantified. This
work is currently in progress. This far, substantial
progress has been made on the integration of emission
models and atmospheric models. This has been
accomplished through the use of the SMOKE (Sparse
Matrix Operator Kernel) emission processing system.

3. Results and Discussion

3.1. Real-world emission measurement

Data from on-road, real-world driving are shown in
Fig. 8 for a2000 SULEV Accord. Emissions are plotted
versus time. Vehicle speed is also shown. Three types
of roadways are represented, as indicated in the figure.
The GPS system which was used to collect the speed
data also recorded elevation data, not shown. The latter
data are important for the understanding and
subsequently modeling of vehicle emission behavior,
because the grade of the roadway is an important
parameter that affects the vehicle's power demand.

Non-Methane Hydrocarbons = Nitrogen Oxides = Carbon Monoxide 'g
et 75§ 75? M 75\E/
f . b nmilt AW il 9 I M[ M i ‘H I U\ iy " i ‘W il {‘\ I Dt 2
I f N | 250 ] r n ’l 2505
O (LY e I A I ] O L
g E 'S 0.003 E 3 §
2 0.0002 = 20.02
g Téo 002 g
g 0.0001 S o.001 g 0.01 \
& £ | & ol .
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Fig. 8 Emission and speed measurements acquired on road under real-world conditions.

2000 Honda SULEV Accord.
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The speed data itself can be used to help validate the
CMEM emission inventory model. For example, the
cycle's speed data can be used as an input for CMEM,
and the emission results calculated by CMEM can be
compared to the actual results measured on-road during
that cycle. Of course, any on-road data used for the
calibration of CMEM cannot be used for this purpose,
or the validation would be invalid.

Throughout the various driving conditions
encountered during the approximate one-hour period of
data collection, tailpipe emissions remained extremely
low. Based on previous research performed by
Honda® @, the exhaust species concentrations depicted
in Fig. 8 are often below those of ambient air in the Los
Angles area. It's important to note that exhaust
emissions remained low even during periods of rapid
acceleration that are not encountered during laboratory
FTP-75 testing.

3.2. Real-world data compared to EMFAC model

Data acquired from on-board measurements can also
be used to check EMFAC model predictions. A
comparison of EMFAC-predicted emissions for SULEV
technology with actual on-road emissions from a Honda
SULEV Accord is shown in Fig. 9. In both cases, data
from arterial driving are shown. For further comparison,
the second phase of an “on-road” FTP result acquired
at HPCC is also shown. Only the second phase was
used here in order to produce a valid comparison with
an arterial driving situation in which no starts are
observed. It can be seen that the emissions predicted
by the EMFAC model are significantly higher than the
actual emissions produced by the SULEV vehicle. The
latest version of EMFAC available at the time of this
writing was used for this comparison; (EMFAC 2002
version 2.2).

3.3. Observed vehicle fleet and impact on emission
models

The accuracy of emission model estimates is

dependent upon the accuracy of the input data. The

composition of the on-road fleet is one of the key

parameters. The fleet composition data collected during

B Using EMFAC default values

a. EMFAC B Using in-use fleet measured by CE-CERT

1.2

Yorba Linda La Puente

Riverside

Emissions (g/mile)
o o o o
N A o -

HC NOx CO/10 HC NOx CO/10 HC NOx CO/10

B EMFAC model prediction for arterial road
B Measured emissions -- Arterial road
B Measured emissions -- On-road FTP, Phase 2

Emissions (g/mile)

HCx10 NOx CO/10

Fig. 9 EMFAC-predicted emissions for SULEV
technology compared to actual
measurements.

2000 Honda SULEV Accord, warmed-up
conditions.

the SELEV program were used as inputs for both the
EMFAC and CMEM models. The purpose of this was
not to compare the models themselves, but rather to
determine the effect of using actual SELEV fleet
composition data as inputs compared to using default
parameters. In the case of EMFAC, the default settings
used for this comparison were those for calendar year
2001, for the counties indicated in Fig.10. The model
was then re-run using the SELEV fleet data collected
during the summer of 2001. The SELEV data were
prorated to keep the total vehicle population constant
between the two cases. As can be seen in Fig. 10a,
running the EMFAC model with the SELEV data
produced emissions that were 22% to 45% lower than
those calculated using the default values.

A similar exercise was performed using the CMEM
model. In this case, the default input values consisted
of a random sampling of vehicles registered with the
DMV (Department of Motor Vehicles) within each target
city. Running the CMEM model with the SELEV data
produced emissions that were 8% to 70% lower than
those calculated using the default values, see Fig. 10b.

These two comparisons demonstrate the importance
of using actual, observed fleet characterizations as inputs

| Using DMV registration database

b. CMEM B Using in-use fleet measured by CE-CERT

1.8

Yorba Linda La Puente

Riverside

Emissions (g/mile)

Fig. 10a and 10b Effect of using CE-CERT-measured in-use fleet composition data as inputs to emission models,

compared to using default values.
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to emission models. The default data used in many such
models are based upon vehicle registration data, which
has been shown to be a poor predictor of the actual on-
road vehicle composition®.

3.4. SELEV public symposium and response

In September of 2002, the University of California,
Riverside, held a symposium at which interim results of
the SELEV Center research program were presented.
The response to this event greatly exceeded expectations.
Regarding regulatory policy, a number of publications
cited the SELEV Center results as being a factor in the
CARB'’s recent changes to the ZEV regulation; one
article called it a “primary catalyst for the change of
heart from CARB@ -2  The SELEV results also
reached the general public, thereby helping to foster
interest in and promote understanding of low-emission
vehicle technology, such as that developed by Honda.
The SELEV story reached a nationwide audience; it has
been estimated that 32 million people heard about the
SULEV results in some way®. The largest audiences
were reached with a front-page article in “USA
Today™,” and a prime-time story featured on the “CBS
Evening News with Dan Rather.”

4. Conclusion

A new research center has been established to
determine the impact of extremely low emission vehicles
(ELEVS) upon the environment. The SELEV Center has
applied a methodical and technically sound approach to
achieve this objective, beginning with the measurement
of vehicle emissions under real-world, on-road
conditions. Extensive measurements have also been
made of vehicle activity and class distributions.
Supplemented by laboratory measurements, this
collection of unique data is being used to produce
inventory models that can accurately predict the
emissions of advanced technology vehicles.

The significance of the SELEV Center findings has
been recognized by the regulatory agencies and has been
reported in the national media. The California Air
Resources Board now has a better understanding of the
positive impact ELEV technology can have towards their
goal of improving California’s air quality.

Research at the SELEV Center continues, with a
focus on the assessment of the long-term, full-cycle air
quality impact of extremely low emission vehicles.
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ABSTRACT

A VTEC rocker arm has been produced from
aluminum die-cast materials to reduce weight and lower
cost. The new arm, like the majority of rocker arms in
use, employs a roller follower to reduce drive friction
loss in the valve system. The VTEC connecting holes,
in which strength must be guaranteed, were focused on
to enable the shift to aluminum in the new VTEC
mechanism. A coaxial roller structure with a hollow
roller bearing shaft was adopted, allowing the roller shaft
to be press-fit into place and ensuring sufficient strength
and accuracy in the new rocker arm. As a result, both
the weight and the cost of the new rocker arm have been
reduced by more than 20% against the former forged
steel arm. The new arm was then first mass-produced for
use in the Fit.
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ABSTRACT

An oil deterioration monitoring system has been
developed to enable the necessary intervals between oil
changes to be judged with greater accuracy. The system
calculates oil life using an oil deterioration algorithm.
When the figure reaches a predetermined value, the
meter displays a recommendation for oil change. The
algorithm first estimates oil temperature, a parameter of
the oil deterioration coefficient. The coefficient and
engine speed are then used to calculate how much of the
oil’s usable life has been expended. The oil deterioration
coefficient, which is dependent on oil temperature, was
found from il life in endurance tests conducted with oil
at differing average temperatures. A market survey was
conducted to verify the applicability of the measure to
a variety of driving modes, and results were reflected in
calculations of oil life. It has been demonstrated that this
system is successful in enabling U.S. users to change
their oil at more appropriate intervals.
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Table 1 Oil maintenance indication system

Maker System name Oil change interval Method Model/Year Note

BENZ Active service system Max 30000km Algorithm 97M With oil level sensor

BMW BMW maintenance system Max 30 000km Algorithm 98M With oil level sensor

AUDI AUDI variable service Max 30000km Algorithm 0ooM With oil level sensor

GM Oil life system 4800 ~ 16000km Algorithm 98M
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ABSTRACT

An image inspection system has been developed to
reduce the time expended on product inspection. This
system has been designed for inspection of the elements
utilized in CVT steel belts. Images from a CCD camera
are automatically inspected on the basis of a quantified
grading standard. In addition, a new element transport
system which automatically sorts and arranges the
elements according to the results of inspection of the
images has been developed to specific elements to be
sorted out. The use of this system for inspection of CVT
elements has reduced the time required for inspection by
more than half against the visual product inspection
method.

gooogd

Honda 00 0O0OO0O0O0OO0OOCOOOOOO Ccvr OO0
oOooOoo0O0oo0O0o0ooOo0oOooO0o0ooboze01 000000
000000000 Fg. 1 0000000400000
ooooOo0o0O0O000OO0o00O0O0O0oOo0o00ooo0on
ooooooooooooooobobooooooooooo
0o0ooooooooooooooooooneem

Element
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ABSTRACT

A DC brushless motor has been developed as the
traction motor for the FCX, the world’s first
commercially marketed fuel cell electric vehicle.

This motor is adopted a salient pole type surface
permanent magnet (SPM) rotor, which enables both to
produce reluctance torque and to minimize the use of
magnets, for improving dynamic performance. The
inductance value is set at the limit value of enabling
output at the maximum rotor speed, which suppresses
field-weakening current. The motor, therefore, achieves
both high output and high efficiency. The utilization of
the magnets enables continuous operation at the
maximum rotor speed by suppressing eddy current loss
by means of magnet surface insulation and magnet
segmentation, and by raising the limit of irreversible
demagnetization by means of high coercive force of the
magnet material. Strength reliability at high rotor speed
in consideration of degradation has been assured by
applying the Weibull theory as a method of evaluating
the strength of magnets which was formed of brittle
material.

The employment of the methods described above has
resulted in a maximum output of 60kW, a maximum
torque of 272Nm, a maximum speed of 11,000rpm, and
a continuous rated torque of 200Nm. In addition, the
combined efficiency of the motor and inverter achieves
93% in average of LA4 mode.
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Table 1 Comparison of Motor Specifications

| McF11 (EvPLUS) | MCF21 (FCX)
Type PM synchronous PM synchronous
motor motor
Phase 3 3
Pole 18 12
Rotor Type SPM Salient SPM
Cover GFRP None
Magnet | Material Nd-Fe-B Nd-Fe-B
iHc > 2 388kA/m > 2785kA/m
Cooling system Water cooled Water cooled

Fig. 1 Appearance of MCF21
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Table 2 Motor performance

Type MCF11 MCF21
(EV PLUS) (FCX)
Maximum power (kW) 49 60
Maximum torque (Nm) 275 272
Maximum speed (rpm) 8750 11000
Max. torque x Max. speed 2406 2992
(KNm rpm)
LA4 ave. efficiency (%) 90 93
Maximum efficiency (%) 96 97
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ABSTRACT

For efficiency improvement and miniaturization of
electric motor to be equipped in hybrid electric vehicle,
lap winding was adopted as winding type of stator and
reduction of thickness and loss of the motor was
achieved. Three nozzles are utilized to wind from the
outer circumference around I-shaped split cores, enabling
the length of the braided winding overhang to be
minimized, reducing the length of the winding. The use
of multi-hole alignment nozzles and a jig for fixing the
winding has increased the space factor. In addition,
employing a two-step stamping process in which the first
load is applied to increase the internal diameter and the
second is applied in the axial direction has enabled the
height of the winding overhang to be limited to 10mm.
These have increased operation efficiency by 7%.
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Table 1 Comparison of winding types
Winding type
Factor Effect Lap winding Concentrated winding
Winding overhang Thickness - good
Copper loss - good
Winding factor | Copper loss good —
Iron loss good -
Necessity of high
Harmonic wave of | voltage parts in good -
stator flux inverter
Torque ripple good —
Noise good -
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ABSTRACT

A homogeneous mixing and autoignition prevention
of air and natural gas has been simultaneously obtained
adopting a multi-venturi composed with a number of
dispersely arranged venturi mixers set up as a premixed
lean burn combustor. By applying the characteristics of
the venturi mixers, a high accuracy prehension of the
state of combustion was enabled, and the enlargement
of the premixed combustion range was achieved. The
combustor system above was installed on a micro-gas
turbine, achieving an ultra low emission level of 3ppm
(at 15 percent oxygen equivalent) NOx, CO and THC
at 50 to 100 percent load.
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Research of High Speed Shaft System Using Air Foil Bearing
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The demand for reliable, low maintenance, oil-free
micro-gasturbine imposes significant demands on the
bearing system. The air foil bearing provides low power
loss, adequate damping for supercritical operation and
long life with oil-free. In this application, foil bearings
support a 9.2kg, multi-component rotor operating at
77 000rpm with a bending critical speed of
approximately 42 500rpm. Stable and reliable operation
over full speed range on shaft system rig and micro-
gasturbine has been demonstrated.
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Table 1 Specifications of micro-gasturbine
ltems Specifications
Rated engine speed 77000 rpm (ISO conditions)
Allowable Max. speed 84000 rpm
Life 60000 hrs
Max. generator output 47.8 kW (ISO conditions)
Emissions (CO, HC, NOx) <3 ppm
Dimensions (D x L) $460 mm x 840 mm
Weight 145 kg

Fig. 1 Layout of micro-gasturbine
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Table 2 Shaft system performance target

ltems

Performance target

Rated engine speed

77000 rpm (ISO conditions)

18t bending critical speed

Above lift up speed
& As low as possible

2 bending critical speed

Above 84000 rpm

Life

60000 hrs

Bearing inner diameter

¢ 48.8 mm
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Table 3 Specifications of air foil bearing

ltems Specifications
Bearing inner diameter ¢ 48.8
Bearing width 30 mm
Top foil Thickness 4 mils
op fol PTFE & Cu coating
. . Thickness 3 mils
Middle foil 3 pieces
Bumb foil Thickness 4 mils
ump fof Cu coating 7 pieces
Foil material AMS 5542

Fig. 11

Air foil bearing (Component)
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Efficiency and Noise Evaluation of AC Link Soft-switching Inverter
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ABSTRACT

Soft switching inverter technology was examined as
a means of increasing the efficiency and reducing the
noise of the inverters used to drive motors in hybrid
electric vehicles and fuel cell vehicles. From the various
soft switching circuit topologies available, AC link
inverters were selected as the research focus, because
they can be used in high-power applications and require
few additional circuit components. Specifically, single
inductor auxiliary resonant AC link inverter was worked
out to further reduce the number of inductors.
Comparisons with hard switching inverters showed a
0.5% improvement in efficiency. In addition, conduction
noise was reduced at almost all frequency bands and
radiation noise was reduced at all frequency bands, and
demonstrated maximum reductions of 10dB and 20dB
respectively.
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ABSTRACT

A 100 Wh flywheel battery was fabricated and
demonstrated. Research was conducted on the element
technologies of the battery, a carbon fiber reinforced
plastic (CFRP) rotor and magnetic bearing control, with
the following outcomes. Burst tests conducted on the
rotor showed that its achieved strength was more than
80% of the theoretical strength. In addition, 25 000 -
50 000 rpm (operational speed range) cyclic stress tests
carried out at ordinary temperatures demonstrated that
the rotor is durable to 30000 cycles without fiber
breaking or delamination. The digital processing
technique of a speed tracking type band-stop filter for
automatic balancing control of magnetic bearing was
proposed. It was clarified that the stability of conical
forward mode decreases by a gyroscopic effect as speed
increases. The control method of magnetic bearing
providing low-vibration and stable suspension up to the
maximum operating speed of 50000 rpm was
established.

The results described above confirm the feasibility of
a safe and durable flywheel battery.
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Fig. 1 Outline of flywheel battery system
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Table 1 Performance target of flywheel battery
Max. power (kW) 15 (@25000 ~ 50000 rpm)
Max. stored energy (Wh) 333

Max. operating speed (rpm) 50000

Usable energy (Wh) 250

Operating speed range (rpm) | 25000 ~ 50000
Total weight (kg) 50
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Table 3 Conditions of cyclic stress test

Speed range (rpm) 25000 ~ 50000

Number of cycles 30000
Spin up/down time (sec/cycle) 60
Vacuum level (Pa) <10
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Theoretical Consideration to Improve Engine
Cooling and Application of Coupling 3D
Combustion Simulations with Heat Transfer in
Water Jacket and Components
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ABSTRACT

Improving engine cycle thermal efficiency is an
effective way to increase engine torque and to reduce
fuel consumption simultaneously. However, the extent of
the improvement is limited by engine knock, which is
more evident at low engine speeds when combustion
flame propagation is relatively slow. In this paper,
computational fluid dynamics (CFD) tools were applied
to evaluate the potential for improvement of V6 engine,
and effectiveness of various design concepts of engine
water jacket by judging surface heat transfer coefficient
under isothermal condition. Theoretical considerations
were given to optimize the cooling efficiency.
Consequentially, engine performance was carried out in
base engine and a prototype engine, improvement of
engine output and fuel economy was confirmed.
Furthermore, a new CFD methodology was developed in
which iterative coupling approach was taken to include
combustion chamber, water jacket and solid components.
Component temperatures were predicted explicitly and
compared with measurement results.
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1. Introduction

As the US light duty truck market (SUV, SUT, etc.)
continues to grow, it is of great importance to increase
low engine speed torque for better vehicle dynamic
performance. Improving engine gas exchange process is
a critical area to accomplish the goal. Higher volumetric
efficiency usually demands anti-knock measures to take
full advantages of improved gas exchange. At the same
time, it is imperative to reduce vehicle fuel consumption
to curb global warming. Improving engine cycle thermal
efficiency is an effective way to achieve higher engine
output and lower fuel consumption simultaneously.
However, the extent of the improvement is limited by
engine knock. Improving the overall level of knock
resistance and uniformity of all cylinders of a multi-

O Honda R&D Americas, Inc.
00 HondaR&D Co., Ltd.

https://doi.org/10.69239/hondatechnicalreview.2003 15 2 17

cylinder engine is necessary to increase thermal
efficiency.

In the next section, theoretical considerations were
presented to provide uniform and effective cooling for
multi-cylinder engines. Several design concepts were
proposed, and their effects on cooling performance were
analyzed, and design parameters were assessed and
optimized by means of CFD simulations. After design
concepts were optimized with respect to heat transfer
coefficient from isothermal CFD simulations, one design
was tested, and main test results were presented.

Then, in order to quantitatively evaluate effects of
design concepts on combustion chamber wall
temperature, and subsequently on volumetric efficiency
and combustion, a newly developed methodology was
described that couples in-cylinder flow and combustion
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with convection and conduction in water jacket and solid
components such as cylinder head and block. Procedures
and calculation results from the applications were
depicted. The major advantage over the isothermal water
jacket analysis is that interactions among combustion,
component temperatures and coolant flow pattern of
water jacket can be simulated directly.

2. Basic Considerations and Design Concepts
of Engine Water Jacket

To address constantly increase of engine output
density and environmental concerns, water jacket of a
multi-cylinder spark ignition engine needs to meet four
functional requirements. First of all, water jacket
provides adequate cooling capability to engine
components in order to keep component temperatures
below maximum levels. Secondly, it helps reduce
temperature difference among cylinders so that all
cylinders operate at optimal conditions. Thirdly, it is
desired to arrange flow pattern so that temperature
gradient in both circumferential and cylinder axial
directions is reduced. At last, water jacket has low
thermal capacity so that engine warm-up can be
shortened.

Nowadays, three-dimensional CFD calculations have
been routinely applied in engine water jacket design and
optimization™- . The addition of conjugate heat transfer
capability in most commercial CFD packages enables
designers to evaluate water jacket and component
temperature together. For the purpose of analyzing
cooling efficiency and uniformity of water jacket among
individual cylinders, isothermal coolant flow analysis is
adequate to provide reliable indication with respect to
relative cooling differences among cylinders as well as
among water jacket designs. Therefore, in this paper,
isothermal calculations were applied to quickly evaluate
coolant flow pattern and optimize design parameters.
After an optimized design was identified, coupling
analysis followed so that wall temperatures and
component temperatures could be determined to judge
the benefit on knock toughness and durability concern.

In the coupling analysis, in-cylinder flow and
combustion calculations were coupled with flow and heat
transfer calculations in water jacket, as well as heat
conduction in components, which was described in
details in the next section.

| Height = Relative flow rates

Fig. 1 Flow rate distribution through gasket holes of
base design

A general CFD package, STAR-CD was used in
isothermal fluid calculations. For isothermal flow
analysis, only governing equations of continuity,
momentum and k—¢ turbulence model were solved. For
simplicity, one bank of a V6 engine water jacket was
modeled. A flow rate imposed on the inlet boundary was
corresponding to engine operating condition of 3 000
rpm. Fig. 1 illustrates coolant mass flow rates through
each gasket hole of a baseline V6 engine. The height of
bars represents normalized flow rate through individual
gasket holes. In the baseline, coolant flows through
engine block and cylinder head in a parallel fashion. Due
to that design concept, it is necessary to have two large
gasket holes on the opposite end from the water pump
inlet to maintain certain level of coolant velocity in the
top portion of liners. It is apparent that most coolant
enters head from front and rear end holes. In the base
engine design, about 35% coolant flow enters the
cylinder head from the two rear gasket holes. This 35%
flow is for block cooling only, and not utilized for
cylinder head cooling. The combustion chamber of the
first cylinder gets about 30% coolant flow rate.

Average heat transfer coefficient

Cylinder1  Cylinder 2

B)

Fig. 2 Distribution of heat transfer coefficient

Cylinder 3

Heat transfer coefficient (HTC) distribution on the
water jacket surface is shown in Fig. 2A, heat transfer
coefficient is a good indicator to evaluate local heat
removal capability. Ideally, each cylinder in a multi-
cylinder engine has similar cooling capability, and heat
removal capability matches the thermal loading on the
combustion chamber from the burnt gas. Fig. 2A
indicates that the base design does not achieve relatively
spatially uniform HTC distribution, the middle cylinder
has the lowest cooling, and the third cylinder has the
highest HTC, because coolant flow rate is the highest
there as flows through gasket holes merge. The CFD
results indicate that there is some room for even better
performance, and such improvement will be necessary
whenever there is substantial increase of engine
volumetric efficiency and/or compression ratio.
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Fig. 2B presents area-average HTC value on the head
water jacket surface of each cylinder. The HTC of the
middle cylinder is 25% lower than the cylinder 3. From
the CFD simulation results of the baseline V6 engine, it
is evident that both fuel economy and low speed torque
increase can be achieved simultaneously by improving
uniformity of engine cooling capability among individual
cylinders and increasing overall cooling capability to
meet the demand for higher low speed torque density.
It should be mentioned that the baseline V6 engine’s
water jacket was adequately designed to provide
necessary cooling capacity to maintain component
temperatures and knock toughness according to the strict
design standard, and was confirmed by engine and
vehicle tests. Besides, the number of parts,
manufacturability and commonality of parts should be
considered to provide the best value to the customer. For
instance, in the baseline engine design, the head gaskets
for the front and rear banks are the same.
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(C) Water jacket of cylinder head

Fig. 3 Modifications to engine components for an
optimized water jacket design

_\'.—_.__-:____,___‘,‘_._.-.«rExhaust side

Fig. 4 Overall coolant flow path in the new water
jacket

In the new design, a serial cooling concept was
proposed®. The first measure was taken to apply a block
partition so that most of coolant flow was to flow
through entire cylinder block from the exhaust side to
the intake side before entering water jacket in cylinder
head, as shown in Fig. 3A. To accommodate this design
idea, the hole pattern of head gasket was required to
change, as illustrated in Fig. 3B, two holes at the rear
end in the base V6 engine gasket were eliminated.
Because coolant flow rate in the engine block and head
was expected to increase significantly, and top liner
regions were expected to be properly cooled. The total
area of gasket holes on the intake side was reduced to
ensure more coolant to flow through all combustion
domes in the cylinder head. To further increase HTC
level on the combustion domes, ribs were added to the
top surface of water jacket in the new cylinder head as
illustrated in Fig. 3C.

Fig. 4 illustrates coolant flow path in a water jacket
after adopting features described in Fig. 3. The
comparison of HTC distribution of the base and new
cylinder head water jackets is given in Fig. 5A, the
shown surface is viewed from the combustion chamber.
It is obvious that the HTC of new design is much higher
everywhere comparing to the base engine design, the
spatial HTC distribution becomes more uniform. Area-
averaged HTC values for individual cylinders are shown
in Fig. 5B, the HTC of the middle cylinder increases
by almost 75%. With respect to the trend, the HTC
values gradually increase from the upper stream to the
down stream cylinders as coolant temperature rises. The
HTC distribution of engine block is compared in Fig. 5C
between the base V6 engine and a new V6 engine. Due
to high coolant flow rate flowing through the entire

(A) Spatial distribution of heat transfer coefficient

Optimized

Average heat transfer coefficient
o
o
o

Cylinder 1 Cylinder 2 Cylinder 3
(B) Area-averaged heat transfer coefficient

[3
"o’ Base design

(C) Spatial HTC distribution in engine block

New desigh"- —

Fig. 5 Comparison of spatial HTC between the
baseline and an optimized design
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block portion of the new water jacket, HTC values on
the top liner region are also increased considerably, as
shown in Fig. 5C.

Then, the base and new V6 engines were tested with
regular gasoline to evaluate effects of the above design
changes on engine power and fuel economy. The knock
limited ignition timing vs. volumetric efficiency is shown
in Fig. 6. Each line represents knock characteristics of
one cylinder. It is apparent that there is a wide variation
of knock limited ignition timings among 6 cylinders. For
4 000 rpm, it is almost 6.5 degrees of crank angle. With
the new water jacket design, the scatter of knock limited
ignition timings becomes narrower in an engine speed
range from 3 000 rpm to 5000 rpm, as shown in Fig.
6, due to improved cooling efficiency uniformity of
individual cylinders. Furthermore, it is also evident that
lower limit of ignition timing of the 6 cylinders is raised
within this speed range, and is advanced by 2.5, 3.5, and
3.5 degrees, respectively for 3 000 rpm, 4 000 rpm and
5000 rpm. However, the upper limit of ignition timing
is not advanced as much as the lower limit. Other test
results are presented in a separate paper®.
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Fig. 6 Effects of water jacket design on knock limited
ignition timings of individual cylinders

3. Combustion Simulations Coupling with Water
Jacket

In the preceding section, isothermal CFD simulations
were performed to optimize water jacket design with
respect to cooling efficiency and uniformity of heat
transfer coefficient on surfaces. However, isothermal
fluid CFD simulations predict neither effects of water
jacket on component temperature nor its effects on in-
cylinder flow and combustion. Such quantitative
information is crucial to predict part durability and knock

toughness. Therefore, a simulation methodology was
developed to couple in-cylinder flow and combustion
with coolant flow and heat conduction in components.

3.1. Description of In-cylinder Flow and Combustion
Modeling

The modified KIVA-3V code® was used to simulate
full cycle of 720 crank angle degrees for a 4-stroke
engine which includes intake, compression, ignition and
combustion, and exhaust processes. In order to obtain
certain level of prediction accuracy of component
temperatures, realistic heat flux boundary condition is
essential. Whether flame propagation and combustion
rate can be predicted reasonably is a fundamental
requirement. Enormous efforts to develop more accurate
sub-models for physical and chemical phenomena have
been made to make 3D simulations predictive,
comprehensive reviews can be found in literature®. To
be complete, some critical models are described here.

3.1.1. Ignition Model

Implemented ignition model was similar to DPIK
(Discrete Particle Ignition Kernel) model proposed by Fan
and Reitz® with some small modifications to accommodate
applications to sequential ignition process”. In DPIK
ignition model, flame kernel is represented by mass-less
particles. The locations of these particles define the outer
surface of flame kernels, the number of particles within a
computational grid cell represents flame surface area which
is related to reaction rates. The particle velocity
components are calculated as:

T 2

Uy = [% S+ / K Icos(6)cos(¢) (D
T /2

Vp,i:[% S+ k' Jcos(6)sin(9) 2)
T, 2k .

w, = [% S+ /TK Isin(6) 3)

where, T,; is the adiabatic flame temperature, and
subscript ‘i’ means ith spark plug. For instance, Tj; is
the local gas temperature at ignition timing
corresponding to spark plug ‘i’ for multiple spark plug

applications.
Po 1-1/y
T Tkl i P . (4)

KLi

where Ty ; and Py; are the temperature and pressure of
associated ignition cell at corresponding ignition timing,
P\.; is instantaneous pressure inside a kernel region.
The parameter k is the turbulence kinetic energy, and
S is laminar flame speed which is calculated as follows

T o—a,(D; 1)
S, =8 - S(®, -8 [298}

} —~B+BA®i 1)

P, 5)
8 [1.013 X 10° (=218
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The instantaneous flame kernel diameter is calculated
as:

P4

2 N
Diorras = =

ker nel,i

—

o= P 6)

1
i

>
m

where, N; is the number of active flame kernel particles
(particles that collide with walls are eliminated from the
count), p; is the center location of an initial ignition
kernel, and r,; is the location of a discrete kernel
particle. If a kernel diameter reaches the order of integral
length scale, chemical reactions in cells swept by kernel
particles from the corresponding spark plug are modeled
with the characteristic time scale combustion model,
while other kernel is still growing, and kernel growth
and reaction rates in a volume under the influence of that
spark plug are still modeled with DPIK model.

The criterion to switch from DPIK ignition model to
normal combustion model is kernel diameter, based on

Dyerrai 2 CJ; @)

the parameter I is averaged turbulence length scale
which is defined as

ncell }15 ncell

ﬂ=0.16[ZIg/ncdl /(X €/ neell) ®)
1= ]

3.1.2. Combustion Model
The characteristic-time scale combustion model® is
used, and reaction rates are calculated by

P PP
-z ©)

C

where p; is the density of species S, and ps is the local
and instantaneous thermodynamic equilibrium value of
the density of species S. The characteristic conversion
time is considered to be a combination of a turbulent-
mixing time and local laminar-kinetics time, that is:

T,=T,+7, 10)

Here is assumed that time scale for all species is
identical, the effect of different time scales on species
is reported in the early publication®. The turbulent
mixing time scale is determined with

If
cmz(Yp—Y;) .
Coo(Ye = Ve + Yoo = Yo ) — (11)
7,=CK/€
or if
cmz(Yp—Yp*)
CmS(YF - le + Yoz - Yc*)z) <!
R e 2
PP

where C,; = 0.09, and C,, = 0.6Cyy
Laminar flame time scale is determined by the
following'?,

p \[1+260.161022(6-1)]
T = 1.916 x 1072. T - [FOJ

. e(l4).08\¢—1.l§\)><3><10‘ /(1.987T)/( 1-2.1 R)2 (13)

where R is residual gas fraction, and P, = latm.

3.1.3. Model of Wall Function

To resolve near wall transport, improved wall
function in KIVA-3V is used®. The wall heat flux is
determined by,

PV, ch(T—TW)

Pry (14)
where
RPr, /Pr,
F= , (15)
1/xInR+B+11.05(Pr, /Pr~1)
if R>11.05, or F=1if R 11.05.
And
Cl/4Kl/2
Rv — M v y (16)

where v, is laminar kinematic viscosity, y is distance
from the wall, x is Karmann’s constant. Pr, and Pr, are
laminar Prandtl and turbulent Prandtl numbers,
respectively. K is turbulence kinetic energy.

3.2. Cycle Averaged Heat Flux Calculations

In-cylinder phenomena and heat transfer within
components are of different time scale, it has been
shown that component temperature distribution is not
affected by transient processes in a combustion chamber
except within an extremely thin layer. It is reasonable
to couple in-cylinder analysis with component and water
jacket calculations on cycle-averaged basis. The
schematic of the coupling process” is shown in Fig. 7.

Intake and exhaust
pressures from
cycle simulation

Assumed y

constant »| KIVA-3V > Cycle-averaged
temperature code heat flux

walls Y distribution

Until converged
v

New predicted Heat conduction of
temperature solid components and
distribution of < heat convection of
combustion coolant

chamber surfaces

Fig. 7 lllustration of iterative coupling procedures

Cycle-averaged local heat flux is calculated as:

N7 q:] Atn
%=L 120 (17)
N

e
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where N, is engine speed in rev/min, and the subscripts
i and j are indexes of cells on 3D surface domain. Heat
flux on liner attributes to three sources. One is directly
from in-cylinder gas on the portion of liner surface that
is exposed to gas at any instant. The second is gaseous
heat transferred from piston through rings to the liner.
And the last is from friction-converted heat from rings
and skirt. In the current investigation, the last one was
omitted. At the very bottom portion, the liner could
either receive heat from or dissipate heat to crankcase
flow. In this study, the interest is on the top liner portion,
and it is believed that the bottom portion does not have
meaningful impact on the top portion with respect to
temperature distribution. Therefore, a guessed value is
used for that region. As to heat flux on cylinder liner
portion that is swept by the piston ring, it is calculated
by the following formulations:

Qi,j,liner = (qi,j,liner)gas 2 h (18)
cli,j,liner = (qi,j,liner)gas +§ Q'P /(7[ DS) 2> h (19)

where Qp is the total heat flux of piston top surface from
gas, and { is the percentage of piston heat flux
transferred to the liner through piston rings, in this study
it is assumed 70% of heat that piston receives is
transferred to the liner. The meanings of other symbols
are explained in Fig. 8.

Heat flux on valve seats is calculated based on the
heat balance of valves. Cycle-averaged heat flux on
valve heads is distributed into three: part of it goes
through valve seats, and some goes through valve stems
and some to gas. The computational domain for the in-
cylinder flow and combustion calculations is shown in
Fig. 9, time-dependent pressure conditions from one
dimensional simulations are applied to inlet and outlet.

e
7 S
e !
O]
T

Piston at TDC

Fig. 8 Zone definitions on cylinder liner surface to
calculate heat flux

3.3. Solid Components and Cooling Jacket

Computational domain for heat conduction analysis
consists of cylinder head, head gasket, cylinder block
and cylinder liners. For the applications in this work,

only one bank of a V6 engine is considered assuming
symmetry of two banks. The CFD domain for heat
convection in cooling passage is also a one-bank water
jacket, the solid and water jacket domains are shown in
Fig. 9. A general computational fluid dynamics code
VECTIS was used for solid components and water
jacket, time-step resolved coupling for both liquid/solid
and solid/solid interfaces is available in the package.
Standard k-e turbulence model is employed for water
jacket flow calculation, phase change in water jacket is
not considered, which could result in higher predicted
temperatures than actual in some regions where phase
change is expected to be important.

Valve seats are not directly modeled in this
investigation, instead that heat flux from the valve heads
is imposed on the head surfaces which valve seats are
exposed to.

Gasket

Liners

i (A) Computational domain of
solid components

(B) Computational domain of ~ (C) Computational domain
water jacket of combustion chamber

Fig. 9 Computational domain for conjugate heat
transfer analysis

3.4. Applications of the Methodology

A critical engine operating condition (6 000 rpm,
equivalent A/F ratio 0.759) was chosen to illustrate the
methodology and its applications. To begin with,
constant wall temperatures of 410K, 460K, 470K, 415K,
and 580K were applied to cylinder liner, head, piston,
intake valves and exhaust valves, respectively. A full
cycle of 720 crank angle degrees was simulated with
KIVA code. Cycle-averaged heat flux distribution on
cylinder head and liner surfaces is shown in Fig. 10. It
is apparent that surface heat flux is highly non-uniform
even though the initial surface temperatures were
assumed to be uniform. Area between exhaust valves has
the highest heat flux.

Consequentially, the predicted spatial heat flux results
from 3D combustion simulations were applied to
conjugate heat transfer analysis with VECTIS as
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illustrated in Fig. 7. Fig. 11 shows calculated surface
temperature distributions on combustion chamber and
liner surfaces. It should be emphasized that spatial
temperature distributions are not uniform due to spatially
varied heat flux from combustion chamber, non-uniform
wall thickness, accessibility of coolant flow and cooling
efficiency. Furthermore, the results also demonstrated
large wall temperature variation among cylinders.

It is known that local heat flux on combustion
chamber surface depends on instantaneous heat transfer
coefficient, local gas temperature and local wall
temperature. As indicated in Fig. 11, wall temperature
varies both along cylinder axis and along tangential
direction, which is expected to have significant effect on
magnitude and direction of instantaneous local heat flux.
Furthermore, wall temperature changes will affect
thermodynamic properties of gaseous media and trapped
mass. These variations will change heat transfer
coefficient and gas temperature. Therefore, uniform wall
temperature assumption in 3D combustion calculations
cannot produce satisfactory heat flux information
necessary to predict overall engine component
temperature levels. With this consideration, it is
necessary to iterate between combustion calculations and

Exhaust side

(A) Heat flux on combustion
chamber

(B) Heat flux on cylinder liner

e
Low High

Fig. 10 Calculated spatial heat flux mapped on
corresponding component syrfaces

Cyl. 3 Cyl. 2 Cyl. 1
Temﬁerature )
|
Low High

Fig. 11 Calculated spatial temperature distribution

conjugate heat transfer analysis until wall temperatures
on combustion chamber surfaces converge. Therefore,
calculated wall temperature distribution is mapped to
KIVA combustion chamber model. Fig. 12 shows
temperature distribution on chamber surface for one
cylinder. New temperature conditions for KIVA
combustion calculations were correctly mapped. Then,
new in-cylinder flow calculation with the new wall
temperature distribution was performed, and new heat
flux results on combustion chamber surface were
obtained. Typically, the results are converged after 3
iterations”.

To validate the robustness of the tool and the
accuracy, the developed tool was applied to a new V6
engine. Two different water jacket design concepts
named D1 and D2, respectively are evaluated with the
proposed CAE tool. The design D1 is the baseline
design. In the design D2, a vertical insert is placed in
the water jacket of the engine block, and head gasket is
modified accordingly to achieve a desired coolant flow
pattern. Overall flow path of these two design concepts
is illustrated in Fig. 13.

Intake

Temperature
High

Low

Fig. 12 Mapped temperature distribution on
combustion chamber

Separation

Gasket holes
Water in

D2

Fig. 13 Coolant flow path of water jacket designs

The comparison of measured and calculated
component temperature difference between D1 and
D2 designs is shown in Fig. 14 at engine speed of
6 000 rpm. The results show reasonable agreement
between experimental and numerical results, and good
correlation is confirmed even though there is
discrepancy in terms of the magnitude of temperature
reduction. Unlike at other three locations, the

0 1230



Honda R&D Technical Review

Vol.15 No.2 (October 2003)

calculate temperature reduction at L3 is lower than
the measured. It is not clear what specific factors
result in this discrepancy. Due to the fact that no
experimental data was used to set up the model, such
reasonable agreement can be achieved with the
methodology, critical information can be obtained. It
makes the methodology a valuable tool to new engine
development. Fig. 15 shows the measured
temperature at the location L1 across the entire
engine operating speed range. Again, as predicted, the
design concept D2 has lower temperature values than
the design concept D1.
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Fig. 14 Comparison of measured and calculated
temperature difference
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Fig. 15 Measured temperatures at the location L4 for
D1 and D2 designs

4. Conclusions

In this paper, a Honda V6 engine was analyzed by
using three-dimensional CFD calculations to evaluate the
potential for improvement without significantly altering
the current mass production process in order to improve
engine power and fuel economy simultaneously. In the
first part, isothermal CFD simulations were performed
to effectively evaluate and optimize design parameters
of the engine water jacket with respect to heat transfer
coefficient on water jacket surface. In the second part,
the methodology of coupling in-cylinder flow and
combustion simulations with heat transfer calculations in
solid components and cooling passage was developed to
account for interactions among them, and therefore, to
provide more complete information to evaluate design
concepts in the early stage of engine development. The
conclusions can be summarized as follows:

(1) For the purpose of evaluating effects of design changes
of engine water jackets on cooling efficiency and
uniformity, isothermal 3D flow analysis is effective and
adequate. Design optimization can be achieved within
relative short period.

(2) Inthe new optimized design, the cooling uniformity of
water jacket among 6 cylinders was significantly
improved, and the overall level of cooling efficiency
in both cylinder head and block was increased.

(3) To quantify improvement of knock toughness and to
address durability concerns, a coupling methodology
was developed to predict combustion chamber
temperatures. For this purpose, a coupling methodology
was developed.

(4) The predictions from the coupling methodology were
validated by the measurement results. There is good
correlation between predicted temperature reduction
and measured temperature reduction.
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ABSTRACT

An LEV-Il compliant catalytic system employing a
low precious metal perovskite catalyst has been
developed as part of research efforts to contribute to the
preservation of the global environment and the
conservation of natural resources. Conventional catalyst
systems are effective in purifying exhaust gases, but the
reduction of the large amounts of precious metals they
employ (Pt, Rh, Pd, etc.) is desirable in order to conserve
resources.

However, perovskite catalysts containing no precious
metals have lower durability and purify exhaust
emissions less effectively during warm-up than catalysts
with a high precious metal content.

The research described in this paper combined a
perovskite catalyst with Honda's original high-accuracy
A/F control and quick warm-up systems, enabling the
LEV-II regulations to be cleared and achieving a level
of performance with 2g of precious metal catalyst
identical to that previously requiring 4g or more.
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ABSTRACT

When AT clutches are utilized in torque-on-demand
4AWD systems, in which rear wheel traction is controlled
by pushing force from a wet multiple disc clutch,
unusual noise is generated in some cases during turning
or takeoff by continuous input of difference in speed.
The status of lubrication in a clutch unit in isolation was
analyzed to find the cause, and results showed that the
lubrication flow rate to the clutch was low, and that the
lubricant was not being uniformly supplied to every
section. A test vehicle was set up to reproduce the
conditions of the unit analysis, and the unusual noise
occurring in the unit was effectively reproduced. It was
determined that the noise is related to the ratio of
porosity and the amount of deflection in friction
materials. These results enabled the specifications of the
lubricant to be improved. In addition, friction materials
with increased porosity and deflection were developed
to improve the ail retention characteristic in the clutch.
Vehicle tests were repeated employing these measures,
and no unusual noise was generated.
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Table 1 Comparison of surface roughness
of clutch plates
Ra (u m) Quiet plate Plate producing unusual noise
Minimum value 0.126 0.088
Maximum value 0.252 0.167
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Table 2 Comparison of surface roughness
of clutch plates

Ra (um) Plate after durability test | Plate producing unusual noise
Minimum value 0.017 0.088
Maximum value 0.106 0.167
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Waveforms of longitudinal vibration during
acceleration in MT vehicles have been used to develop
five evaluation indices corresponding to sensory
evaluations. The mechanism of longitudinal vibration
during acceleration was clarified in each part of the
system through which it is transmitted: engine, drive
train, tires, engine mounts and suspension. A simulation
model was constructed employing design values as the
main elements, enabling specifications to be tested in the
initial development phase, before the construction of an
actual vehicle. This method was utilized in the
development of the new model Accord, enabling
suspension characteristics and engine torque control,
among other design elements, to be optimized at an early
stage, and resulting in the reduction of development time
by half.
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ABSTRACT

The computer simulation of tilling force has been
conducted to a compact walking tractor that equipped
with driving wheels and a rotary shaft in its rear and its
front respectively to estimate the effect which the tilling
force having a down cut rotary and a coaxial counter
rotating rotary cause to the behavior and the depth of
the tractor. The tractor uses a down cut rotating tine that
rotates to the same direction of the driving wheels, and
the coaxial counter rotating tines that rotates on the same
shaft simultaneously. Further, an actual machine test was
conducted to examine the correlation between the
estimation and the test result. It was demonstrated that
by using the coaxial counter rotating rotary, the effect
not only stabilize the behavior of the tractor but
accomplish twice the depths of a normal rotary’s can be
obtained.

gooogd

gbobobobobooboooboobooobooboooboan
gboobooooooobooboboboobooobooobooon
gbobooboooboobooboboobooo
gbobobobooboobooobooooooooobooon
Oo0MmO000O0oooo00rg. 1MOO0O0O0O0Oooooon
g00OOo0oOoOO00O0OO0O0O0DOO0mRg.2MmOo0O00
gbobobobobooboooooooooooboon
gboobooooooobooboboboboboooboooo
gbobooooooobobobobobobooboooo
gbobobobooooooboobobobobooobo
gboboboboboboooooooooooban
gboboooooooboobobooboboboboooo
gbobooooooobobobobobobooboooo

goooboooo

gboboboboboooboooboobooobobobonbo
gooobobooboooooboboobooooooboboooooog
gboboboboboooboooboobooobobobonbo
gboboboboobooooooooobobobobo
gooOoOoOoOoOoOoOoOoOoOoOoOOoOOOOOOmFg. 3m
gooboboboboobooboobooboooooooon
gboboboboboooooooooboboboono
gboboooooooboboboobooog
gbobobobooboooooboobooobooboban
goooboooooooobooboooooooobooooog
gboboboboobooooooooobobobono
gbobobobooboooooobooobobobobo
gboboboboobooooooooobobobono
goooooogo
gbobobobobobobobooooooooo

0 1450



Honda R&D Technical Review

Vol.15 No.2 (October 2003)

Center of gravity

Tilling reaction

Fig. 1 Rear rotary walking tractor

Center of gravity

Tilling reaction

Fig. 2 Front rotary walking tractor

Balance weight

Fig. 3 Turning position of rear rotary walking tractor

gboboooooooboobobobobobooooo
gbobobooboobobobobooo

gboboobooboooooooboooooooooon
gbobooooooobobobobobobooboooo
goooboooboobooboboooboooboooboooobooon
gboboooobooobobobobobobooboooo
000 Fg 4000000000 OODDOODOOOO
gbobobomoooooobmobobobooobooo
gbobobooobooogoon

N
N—

Fig. 4 Front rotary walking tractor with up cut tilling

Tilling reaction

gbobobobobooboboobooooobooooon
gbobgobobobooooooooobobobobo
gboboboboboobooobooooobobobono
ooooobboooooboooboobbooooooo
000000000000 rFe. 5MOO0gooooon
gbobobobobooobooboobobobobooonoog
gobooboobooboobomboobooboo
gobooobooobooobooboobooboobond
gooooooo

Up cut tilling
reaction

\ Down cut tilling reaction

Fig. 5 Front rotary walking tractor with coaxial
counter rotate tilling

gboboobobooboobooooboooooooboooboon
gboboboboboooboooooboobobobobo
goooo

goooodooobod

21.00000000

gbobobobooboobooooboobooobooboban
gdoooOoOoOoOoOoOoOoOoOoOoOoOoOoOoOoOER"QOOoOoo
000000 FROOOOOO0O0ODOOOOOODOOO
gobooo0omoobooboobooboobooboo
gbobobobobooobooooooobobobobo
gooooboobooooooobooooooooboboboobooooo

0 146 0



gbobobooooobobobobooobooooboobobobobo

gobooooooooobboooboooooo 450mm0O Momooooooooooooboobooooooooo

0000 280mmOO000O0O0 120mmO 000 0.15m/ gooooo

secU000000D0O0O 1BrpmI00000O0OOO0ODOO gbobobobobobobobooooobooooon

gooooboooooobooooboboob20bb0000n gboobooooooobobobobooobooobogon
00000 Fig.6 00 Fig. 70000000 Fig.8 0O

0O Fig.OOOODOOODOOOODDOO Fig.1000

goooad

22.0000000

Fig. 100 00000000DOOOOODOOOODOO
gbobooooooo

gbobobooooo MzOOOD xkOOOOOODO
gboboboobooboobobooboboboooo

gboo0drOO0OO0O0OO0O0OOODOOODOODOOD
gobooobooboobobooobobobooobooboobooon

obo0b FrzOOOOOODOODOODO MxOOOOODO
gbobooboooooboobobmomobooboooo
gomoobooboboboooooobooboboboon
gbobooooooobobobobobobooboooo

g | i — i~

Fig. 6 Tine layout of down cut tilling

Fig. 9 Simulated result of coaxial counter rotate
Fig. 7 Tine layout of coaxial counter rotate tilling tilling reaction

0 1470



Honda R&D Technical Review

Vol.15 No.2 (October 2003)

Fz

Fig. 10 Six components of tilling reaction

gbobooooooo ydboboooooooono
gobooooooooooobooooooobobooooon
gbobooogo

gbobobobooooooooooooooooboon
gbobooooooobobobobobobooboooo
goomooo obrooo@mooobooboobomo
0" o0"gobomuoobooooooog

gboobooooooobOobFRICOOOOOOOOODO
oooooono 2omm O000OO0OO0O0OOOO

Mu Mw

120
100

Fig. 11 Moment of tilling reaction and gravity moment
on the ground contact center of tires

goooooboobbbbobooboooooooooon

MulO
Mu=Mx+I-Fz ooo
0000000000000 00000000 Mw O

Mw=WxA oo

gbobobobobobobooboooboobooooon
gboboooooboobobooobooog

Mw > Mu ooog

000 FR3OOOCOOCOODO Fg.800 FigoOOOO
U0 FROMxOOOOOO0OOOODOODbOobOoooooog
agoo

Table 1 Comparison of moment of tilling reaction and
gravity moment

I((m) [A(M)| W | Mw(Nm) | Rotating direction | Mx | Fz | Mu [Judgment

Down cut 51 [380(183| Mw<Mu

0.347/0.18 480N 86 -
Coaxial counter

rotating 11 |180| 73 | Mw>Mu

0000 Mw<MUOODOOOOOOOOOOOOOOO
00000000 MwMUOOOOOOOOOOOOODO
0o0000O0O0OooOoooo

23.00000000

000000000 MwOMuOODOOOOOOO0OO
D000OMUOOOOO0OO0O0OO00O0O00O0O000O000
TablelD MwO MuOOOOOOO000O0O00000OO

MuOODOOOO 120mm OO0OOO0OO0OO0OOO0OOOO
Mmomooooooooon

Mw

00000 Table2 O0OOO

Table 2 Estimation of tilling depth

Mw (Nm)| Mu (Nm)| d (mm)
Down cut 86.4 183 56.7

Coaxial counter rotating 86.4 73 142
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Table 3 Specifications of test machine

w1 249N
w2 231N
D1 280mm
D2 400mm
L 0.347m
H 0.160m
b 40mm
B 450mm
Vehicle speed 0.15m/sec
Tine rotating speed 130rpm

Table 4 Fluctuate ranges of yawing moment and

side force

Fluctuate
Max | Min range
Down cut 35Nm | -24Nm 59Nm

Mz
Coaxial counter rotating | 20Nm | -25Nm 45Nm
Down cut 150N | -150N 300Nm

Fx
Coaxial counter rotating | 100N | -160N 260Nm
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Table 5 Test result of yawing stability

Soil hardness 12 17 22

Down cut O AN X
Coaxial counter

rotating O O O
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Table 6 Forward element of tilling reaction (average)

Fy
Down cut 120N
Coaxial counter rotating -65N
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Fig. 13 Travel reduction versus soil hardness
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Table 7 Estimated tilling depth

Tilling Depth
Down cut 56.7mm
Coaxial counter rotating 142mm
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Table 8 Fluctuate ranges of rolling moment

My
Max| Min |  Fluctuate range
Down cut 20 | -25 45
Coaxial counter rotating 12 | -16 28

Table 9 Test result of rolling stability
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Fig. 15 External view of FF300

Table 10 Major specifications of FF300

Soil hardness 12 17 22 Items Specifications
Engine model name GXV57
Down cut O A A Engine type Air cooled 4-stroke
Coaxial counter OHYV single cylinder
: O A A — .
rotating Engine displacement (cm?) 57
Maximum power (kW) 1.8
Rated power (kW/rpm) 1.0/4 000
Maximum torque (Nm/rpm) 3.0/4 000
Compression ratio 8.0
noouo Minimum specific fuel 354
consumption (g/kWh)
dddddddddoddodoododoooooooao Fuel tank capacity (cm®) 1100
00000000000000000000000000 Overall length (mm) 1465
i 4
D0MOO00D000000000 2000000000 Overall width (mm) 05
Overall height (mm) 1010
gbobobobobobobobuobobooboo Dry weight (kg) 50
ooo00oO0ooOOooooboOoboboooood Tine speed (rpm) 131
00000D0000000000000000000 Tilling width (mm) 450
D0000O000000000O0000n Tine diameter (mm) ¢ 280
Starting system Recoil starter
obmoooboooboooboobobuoobobooo Main clutch type Shoe clutch
ooooooooooobooooooooooooa Transmission speeds 3Forward, 1Reverse
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Development of Adsorption for Natural Gas Storage
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ABSTRACT

Carbon adsorption was selected as a means of
efficiently storing methane, the main component of
natural gas. Simulations were first employed to
determine an ideal adsorptive pore structure. The results
of the simulations were established as a target in the
manufacture of activated carbon, with coconut shell, coal
and carbon nano-materials (Buckminsterfullerene, carbon
nano-tubes) as starting materials. TEM analysis
confirmed that the activated carbon produced in this
research possessed the ideal pore structure established as
a target. This activated carbon is capable of storing
0.155NL/cm? of natural gas at low pressure (3.5M Pa).
This represents 77.5% of the capacity of high-pressure
(20MPa) compressed natural gas (CNG) storage. The
material’s storage capacity for adsorbed methane gas is
in the world’s top class of presently reported figures.
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Fig. 1 Fuel storage methods for natural gas vehicles
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ABSTRACT

In order to enhance engine performance of racing
motorcycles, aiming increase of critical engine speed, a
valve spring retainer made of lightweight powder
aluminum alloy has been developed. The high strength
abrasion resistance aluminum, “NCP 400" (Nano Crystal
Powder metal with crystal grain size of 400nm), hard
grains are blended with optimum amount to get abrasion
resistance to Nano Crystal Powder aluminum alloy
consisted of Nano-sized crystal grains, was created.
Optimum temperature control and forging method for the
material property established the warm-precision-closed-
forging technology that post-machining is unnecessary in
parts manufacturing. Verification method of safety factor
was set up, by which the load of retainer could be
evaluated quantitatively based on the movement of valve
train during operation.
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Fig. 1 Valve spring retainer made from aluminum
powder metal
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ABSTRACT

SUS301-EH is widely used as a material for exhaust
system gaskets, however, at temperatures in excess of
400°C, it can not be used as gas-seal ability of the material
declines due to its reduced hardness. The following
methods were found to be effective in controlling the
softening of stainless steel at high temperatures: (1)
addition of N; (2) Stabilization of austenite structure; (3)
addition of Mo. The addition of 0.5% N to austenitic
stainless steel containing Mo has enabled the speed of
softening at high temperatures to be significantly reduced,
due to strain aging by solid N below 600°C and the
combined effects of precipitation hardening and control of
growth of recrystallized grains through the precipitation of
fine Cr,N on the dislocations and the grain boundary above
600°C. A high-heat-resistant spring material has been
developed which shows no reduction in hardness up to at
600°C, which is higher by 200°C or more compared to
conventional materials. The application of this material to
exhaust gaskets has enabled the achievement of excellent
seal performance even in tightened sections in high-
temperature environments of 400°C and above, which was
problematic for conventional gasket materials.

gooodd

gooooobobobboboobooooooooooooon
oooooooboooo co,0ooooooooooon
gooobooobooobobooooooboooobooooboooon

goooboooo
gooooomoon

https://doi.org/10.69239/hondatechnicalreview.2003 15 2 24

gooobboboooooooboboooooooboobobooo
goooboboooooooobooooooooboobooo
gobooboobooboobobooboobobooooboao
gooobooboooooobobooooooooobooboooooo
gbobooboobooboobooobooobooo

0 1670



Honda R&D Technical Review

Vol.15 No.2 (October 2003)

gooogoo

gooooooboooobooooboobooooboooono
gboboooooooboobobobobobooboooo
ooboooo0ooboobo0ooDboOn SUS3ol-EH ODOO
00o00o00o0DOoOO00bDOO0 Fig.1ObOOOODO 0.2mm
gbobooooooobobobobobobooboooo
gobooooooooooooooooboboobooooon
gbobooooooobobobobobobooboooo
gboboooooooboobobobobobooboooo
gboboooboooooboobobobobobobooo
0000000000000 oUoUoooOoesDo
gobooooooobooooooobobooooooobog
gboboboooboooobooboboooo

oooboooooooooooooboboOoOD sus3ot-
EHDO 4000 0 00000000DO0DO0OOOOOO0OOO0
ooooooooooooboobobpb400bbboooogoo
O00000OFg1ODOOOODOOODOOOODDOOO
gobooobooboobooboooboooboooboobooobooon
gboboooooooboobobobobobooboooo
oooooooooooobooboboooogogseongg
U0000SuUsS301-EH DOoouooougoooooogono
goo 5000 e00000000O0O0ooDOoOooooOg
gbobobooboobooooboboboooo

Cylinder head

Turbocharger

Fig. 1 lllustration of exhaust gasket

goboooobbooooon

3.1. 000000000000

oboob0o0oo0ooooobOOobOobOobOoboon 400Hr
gooooooooooooooooooo@moooog
0@DoOoO0o00DObOO00b0O0O0Fg. 200000000
gobooorv4000 0 0000DOO0O0ODOOOODOOO
gbobooooooobooboboboboobooobooon
gboboooboooooboobobobobobooboooo
gboboooooooboobobobobobooboooo

0.30

0.20

0.10

Bead height after tightening (mm)

0.00
350 400 450 500 550

Vickers hardness (HV)

Fig. 2 Relationship between hardness and bead
height after hot tightening

gbobobobooboooooobooobobobonbo
ooooogd

gobobooobobooobbOoobbOgodv4o0D OO0
gboboboboboooooooobobobooo
o000 Ssus3ol bobobooboooooooboooog
ooooooooooooobooboomobooooo
gboboboboobooobooboobooboboboonoog
goboobboobboooboooboooboboooo
gbobobooboobooobooooboobobobonoo
goboobboobboooboooboooboboooo
ooboooboo0oOoobobooobOooorHvseooonoo
OCOO0OOEHMExtraHardd OOOOOOOOOOOO
googoo

3.2.SUS301-EH O OCOOO0ODOO

SUS3I-EHO O OOOO0OOO0oOooDouoooooooon
gboboboobooobooobooobooboboboonog
gboboboboboooboooboobooobobobonbo
gbooooooooo

SUS301-EH 00000 400Hr DODOOOODOOO
00000 Fg.30000000C0O0O0O 400000000
gbobobobobooobooooboobobobooo
gbobobobgon sobobobobobobobo
goOoPfq4000 00000000000 OOO0OCOOO
gboob00oooooobgobob se00 ecO OO ODOO
ooboooobobooooooooooooooobooooDo
gbobooooooboobobobooobooog

00o00o0ooooO0o0o0DbOO SUuHeso O suses1 0 d
OOOOCOOOOO NIiOO Inconel-625 0000000
OOoOoOOOoOO0O0OO0O0O0O0Fg. 30 SUS301-EHO Inconel-
625000000000000000020 Inconel-6250 0
ooooggsoooogooooobooooooobo
Uo0000 HV30 O 400 0000000COODOOO

O 1680



gboboboooooobooboobobobooboboboooobobobo

600
S 500 (=" | SUSSOTEH |
2
[0}
T 400
g Q —
(2]
o / . \
()
S 300 4' Inconel-625 i N\ \
200
0 200 400 600 800 1000

Holding temperature (°C)

Fig. 3 Relationship between hardness and bead
holding temperature after 400Hr

gbobooooooobooboboboboboboonoo
gbobooooooobobobobobobooboooo
gbooboooooooboobobobobobooboooo
gbobooooobooo

33.00000004d

godobooboobooobooo™ombooobod
oo obobobobobooboooooo
goddboobboobooboobooobooboobogoo
ggobooooboboobobooobboobboooboo
gooboobobooobobooobooobbooooo
gbobooooobooboobobobbooboobooceo
NOOOOOODODOOoooOooobooboobobooo
gooooooooooooooe,egooooooood
gooboooboboobobooobbooboboooo
gbodob NO cOOOOOoboooDobobobooboo
oooooocCr,C 0000000000000 O0O00
ggboogooboooNbOooobuoobbobboon
oooPEReigopoo NOOODoDooooooooood
gooooooooDoOoOooooOPEmEsOpoooogd
00ooooooooooooooo*"oooooood
gogoogo

0000 NOOOO Sieverts 000 [N%9=A[P, ]2 0
00000000 Vvom Vacuum Oxygen Decarburizationd
oooooooN, 0 p M00o0oooooooa
000 NODOODO o2000000DO0DOOOORRE
gdoooobOoNOObOoOobOboobobooboo cero
NiOMoOO 05%N O 0O 00D O OO Avesta Sheffield
654SMolM17 0 0 O ESRI Electro Slag Remeltinglld 0 0 O
0000000 100NDO0ODOOOOODQOOpuang
oooooDooooooooooN000000000N
ggboooboobboobboobooNbobDboon
gooooobooboo cr0 MnOOOoooObOOoOoOo

0000000000 QOQoPeamug

0000000000 NDODOOODOoOoooooooo
000000000 fec O I Face centered cubic lattice[T
00000o0o0000ooo0ooooooooonfecd
000000opo0ooooooooooooooooo
00000000o0o0oooo0ooooooooooooo
ooooooooogog

000o000ooDoooooooooooooooooo
O NOOODOODOOODOODO Cr,Mn,Mo OOOO I-S
O Interstitial-Substitutional D 00000000000 OOO
0000000000000 00000D0oORs Y Cr,Mn,Mo
0000000oooooooooooois o0 MeoOO
0000000opo00oo0o0ooooooooooooo
oooooooo
Jo0oooooo@oINODD M Oomooooo
0o000oomoMoO OOO0O0O0OoOoOooooDoooDO
0000000000 000000000000D Hv450
O00oooooooeoodn 400Hr DOOODOOODOOO
0O Hv450 OO0 DODOO0O0O0OOO0ODOO

34.000000000000

gbobobooobeocodn 400Hr000OOOonOOO
oooboooooooooooooboboU0UD Fig.40 N
gbooooooobobobooooo3wNODOODoooo
gboooNOOOooOobOobobobobooobooog
0000000000 O00DOO0O0ODbOO0OOFg. 50000
00000000000 000C0C000Delong0 OO0

000 Ni O Niegr 0000
Nieq(%) = Ni%+ 0.5 x Mn%+ 30 x (C%+ N%) 000

gooooONDOOoOoOoOoOOoOoOOoOOOOOOOOOOOO
gbobobobooboooboooooobobobono
goboobboobboooboooboooboooo

450

400

350

o

300

Vickers hardness (HV)

250

200
0.0 0.1 0.2 0.3 0.4

Amount of nitrogen (%)

Fig. 4 Effect of amount of nitrogen on hardness
after 600°C X 400Hr holding

0 1690



Honda R&D Technical Review

Vol.15 No.2 (October 2003)

450 l
Austenite + Ferrite |

__ 400
>
=
@
8 350
C
2
©
; 300 Austenite
2 / —
Qo
>

250

| Austenite + Martensite |
200 ‘ ‘
0.0 10.0 20.0 30.0

Nieg= Ni+0.5x Mn+30x (C+ N) (%)

Fig. 5 Relationship between Ni equivalent and
hardness after 600°C X 400Hr holding

ooo0o0O0 MoODOOOOD Fig.60D00O0OOODOOO
ugb MmoOOobOOOOOOOOOOODODOOOOOOO
googo
gbobobobooooooooooooboooboooboon
gbobobooooobooboooboobooNDbOobDOobon
gboboboooobooboooNoboboboboo
O000U00oO0OoUooooooooooeeEg

L

400 =
/ o

o /F
350

300]1
250 {
200

0.0 1.0 2.0 3.0 4.0
Amount of molybdenum

450

Vickers hardness (HV)

Fig. 6 Effect of amount of molybdenum on hardness
after 600°C X 400Hr holding

35000000000
ooINODOOOoomobmooooooooooobmoo
MoOUOOOODOOOOOOODLOOODOOODLOOOODOOO
0 Table1 OOOODOOOOOOOCOOODOOODODO

N OO0O0O0bobobooobooboooo
C OUNODbODOOOOObOobOobOobDOoooobo

gboobooooooobooboan

NiOOOOODOOOODOoOOoOooooONODOoODO

gboooooobobd

MnODOOOO0OO0O0OO0O00OO0bOOoooONDODOobDooo

Table 1 Alloy design concept
N High Solid-solution hardening
Cc Low Increase solubility of nitrogen
Ni Proper | Stabilize austenite
Mn Proper | Increase solubility of nitrogen
Cr High Increase solubility of nitrogen
Si Low Stabilize austenite

Mo Proper | Increase heat resistance

\% Proper | Prevent increase in grain size

OO00OD0OON DOOoOooOoOoooboooboo
gboooooobaobd
CrdgboOoO NODOOOODOODODODOOOODOO
ooooooonD 230000
Si 00O000oOo0oOooooOoobooooood
MoOOOOOOOOOOOOOOODOODO
vV 0000 cOobooboobooboooooboooon
gbooboooooboan
goboboooboboooboboobosbOONODDbOOOD
U00ob0O0obO Table20OOODODODODO 600
gboboboboboooooooooboboboobo
o0obooboboHrv4o0Doooooooonoonoo
ooo

Table 2 Chemical composition of newly developed steel
(Wt%)

C Si Mn Ni Cr Mo \Y N
0.02 0.2 6.0 10.0 | 23.0 2.0 0.1 0.5

goooooo

41.000000000

gbobobooobo4oHrobobooooooooon
OoOO0OCQOQC Fig.70000000000000O 4000
400 000000000O0O00O0OO0O0ODOOODOO0ODbO
oooooooooooboboobeconbODOOODDOOO
UbO0ob000000000 SUS301-EHDO 400000000
ooooogooooooobobpoz00bO0ObObOOOO
gobOo4000bboooboobooobooboobon
gboboooooooboan

gboboboboobooboooboooooooooboon
00 Fig.8 UODOOOODOO ecOUODODOO 10Hr
gobooobooboooboobooboogboovreonod
ooobo0owoHrOoDOoOooooooooboooooo
goboooobooboobooboobooboobogo

0 1700



gboboboooooobooboobobobooboboboooobobobo

600

500

400 SUS301-EH

bl

300 . /f

Newly developed material

\

Vickers hardness (HV)

200 \ \ \
0 200 400 600 800 1000

Holding temperature (°C)

Fig. 7 Relationship between hardness and holding
temperature after 400Hr

600

Vickers hardness (HV)

0 100 200 300 400 500
Holding time (Hr)

Fig. 8 Relationship between hardness and holding time

42.60000000000DOOOODOO

oo 000 O0O0OD0OODOOODOOObOOObOOOnOO
goooooobooobOooon eoo 0 9000 O 400Hr
gooboo0ooOoOoooOoOoboOOoobDoOo0ODD Fig. 9
oooooooobobecodD0O0O0OoDOOOOODODOOO

gbobobobobobooboobooobobobobo
oo 0OdeocoC DO OD0ODOO0DOOOOOOOOODOD
gboboboboobooooooobooboboboonog
goboobooooboooboobooobobooobbsood
goecon DO OOOOUOOOOOOObOObOODODOODOO
goooooogo

gOo0 4000 60000 00000OO0O0ODOOODOO
oooboogoooeocodn 400Hr DOOOOOODOOO
gboboboboboooboooboobooobobobonbo
gboboboboobooooooooobobobobo
gbobobobobooboooboobooobobobobo
obooboobooooobobOobOobobn 400 O 6000
o0o0ooo0oooooOoO0o NOOOoo eoCODoobDOO
OO000DOO0O0O0O0DOOOOCettrelCOOOODODO
gbobobobobooooobooooobobobonbo
goobooooo ssobobobooboooobooobo
O0OCOCOOQODOQOD Qs e s

43.60000000000O0DOOOODO

goooooobbobboboooooooooooooooo
ooooOo0ooooooobooooooobbobooooo
oooooooobooooOogno sotd 400Hr DOOO
gbobobobobooobooooooobobobobo
Fig.10 OO0 0OODODOOOOOOOOOODODOOOpOOO
gooogcONODODODOoOogpoooooDDoObCerd Mo
goooboooooooooobooooooooobooboooo
gooobbobooooooobbobooooooobooboog
00 Fig.11 OO00ODOO0O0ODOO CfONOOOOO CrN
oooooooooooo0oooon crOMo ODODOOO
goboooboooobooobooboooobo

ooooooOoocrNOeOOOODODOOOOOOOOO
oooooogoremm2nooo0 eoddoon Cr,N
ObooooOooo0ooOoooooooOooooc NODOO

800°C

Fig. 9 Microstructure of newly developed material (600~900°C: After 400Hr holding)

01710



Honda R&D Technical Review

Vol.15 No.2 (October 2003)

Fig. 10 Scanning electron micrograph after annealing
(900°C X 400Hr)

O0000000O000o0o0O0o0oOooooOoO?24Fig.9
O oeoooobooooboboobooooooooboog
gboboboboooooogon
ooooooobooooobo veoD O sooDODO
oooo0oobOo0o0nD Fig.1200000C0O0DDOO
goooooobbowoHroooooooboboooooog
gbobobd4ooHr DOOOOODOODODODOODOOO
0000000ooooooooooooooo0 Fig. 8
gbooboooooooboobobobobobooobooon
gbobobooooboobooboboboooo
oooooooo eco0nooono Cr,NOOOOOOO
goboooooooboooooooobooooboooboog
gbobobooooooboooboobobo 8o O 9oon
gbobooooooobobobobobobooboooo
ooooboooooccr ,NODODDOODOOOOOoooo

Fig. 11

Result of analysis by electron beam
diffraction pattern

gbobobooboooboooboooooobobobooo
ooo0O vooODOODOOOOOOODOOODOOODOOO
gboboboboooboooboooooobobobonoog
ooooooooooono crNOOOOoooooooo
gbobobobooboooooboboboboooooo
gooooooooooooobooooooooooooDo
gooooo
gobooogcrOMoOOODODODODOODOOODDOO
gbobobooboobooobooooboobobobonoo
gbobooooooboooooboaobab

44.00000000

NODOOOOoOOooOooooboooooboooooooooo
oooogooooooboboecon0ODDODOOODODOOOO
NOOOOOOOOooOOooOooOoobOoo eco0bonboon
o0oooo crNOOOOOOoOoooooooooooo
gboboooooooboboboboboooooog

700°C

800°C

Fig. 12 Microstructure of newly developed material (700, 800°C: After 1~400Hr holding)

0 1720



gboboboooooobooboobobobooboboboooobobobo

0.30
_ SUS301-EH | o
€ Objective
3 temperature
£ A
§ 020
Ny
> /
2
®
5,0.10 /
(0]
<
3 Newly developed
O material
i)
0.00 \ \ .
0 200 400 600 800 1000

Temperature (°C)

Fig. 13 Relationship between temperature and bead
height after tightening test

gobooooobmoINODOOODOmouomooo
gboboooooooomovoOODODOOODOODOO
o0 e 0O0OO0O0O0OOO0O0ODOOOLOD NOODOO
oooooo c NOODODOOoOOoooooooooo
oobo0oDb00 Sus30l-EH DDOOoOoooobogd
gbobobobono 2c000000000000000

uoobooooooooo

gobobobobooboobooooboooooooooon
gboboooooooboobobobobobobooboo
O Fig.7000000C000O0OCO00DOOOOOOO
gobooooooboooobboooboog Fig.130000
gbobO0Db0O0 susS30t-EHDO 4000000000000
ooooooooooboobobobooouooooooneood
gboobooooooobooboboboboboooboooo
gboboooood

gboboboboobooboooobooooooobooobon
gogsoobooooooboboooooooogooDo
gooboooooooboobobobobobobooonog
gboboooobooobobobobobobooboooo
ggoo

googd

gbobobooooobooboboNDbOooboooon
gboboooobooobobobobobobooboooo
gbobobobooobozooboobogobeconbon
gobooobooobooboboobboobobooon
gboobooooooobooboboboboboooboooo
OOoSus3ol-EHO OO ODOoOooooooooooooog
gooobooD 4o000000D0000000O0DDOO
gboboooobooobobobobobobooboooo
gbobooooooon

gbmooobooooobooboobooboboboban
gboobobooboobooboobOoborvacodno
gboboooogo

gompool 0DoobooOoobooobooooboooboooon
goNOOobOOobOoboooboobooooboboobo
gobobooooog

oo ooooooooooooboooooooooo
ooooooooooono crNOOODoooooo
gbobobooboobooboooooboobooooboon
gboboboboooood

oMmooooooooboooobobooooog eoo0d
gooboobooboobooooooboooooooon
god

gooo

gooooooobbbbooooooooooooon
gbmoobooboboobooboooooboobon

gogoood

gdbooboooboobboobbouobbooobonoo
ggoodboobbooboobuoobooboo
00000000D00O0000QOHONDA R&D Technical
Review Vol.8, p.152-159 (1996)

gdbooboboobooboboobbooobuooboo
00000000000 0O0HONDA R&D Technical
Review Vol.12, No.1, p.151-158 (2000)

gdboobooobooobboobbooobuooboo
0000 CAMP-ISIJ, Vol.10, p.538 (1997)

gdbooboooboobboobobbooobuooboo
000000000000 0dCAMP-ISIY, Vol.13, p.638
(2000)

joboobooobooobobooboooboobooo
gooboboboooooobooboboboooo
No.24, p.13-30 (1989)

gdbooboooboobboobboobbooboboboo
00000DO0O0DOO0O0DOODnOCAMP-ISI), Vol.15,
p.438-441 (2002)

0 O OSpeidel, Markus O.: Corrosion Science of Stainless
SteelsO Proceedings of International Conference on
Stainless Steels, ISIJ, p.25-35 (1991)

gdboobuoooboobboobuobuooobuooboboo
0o0o0obob0oooooooobooboboooo
67-2, p.81-86 (1996)

joboobooobooobooboDboooobooooo
gooboboboobodbobOobOobdNo22,pa-
27 (1987)

0 1730



Honda R&D Technical Review Vol.15 No.2 (October 2003)

gloooo0oooodooo0ooooooooog 119d
00000000000 p.7-12 (1998)

01npoooooooooooooooooboooooood
00000oo000ooooooooomomoon
o000o0opoOdooopoOooooooooooooo
00000o0oooooooooooooooon
0 O p.38-45 (1999)

0120000000000000000000 ESROOOO
000000000000 00OCAMP-ISI, Vol.13,
p.356 (2000)

0 130Kikuchi, M., Kajihara, M., Frisk, K.: Solubility of nitrogen
in austenitic stainless steels, Proc, Intl.Conf.High
Nitrogen Steels, p.63-74 (1989)

0 140Kowanda, C., Speidel, Markus OO Solubility of nitrogen
in liquid iron base and nickel base alloys with
Co,Fe,Mn,Mo and Cr under elevated nitrogen partial
pressure, CAMP-IS1J, Vol.13, p.355 (2000)

000 0000o0oo0ooooooooooooooog
00000oo0ooooooooooooooooon
0000 00dCAMP-ISI, Vol.12, p.458 (1999)

0le0o00000o0o0ooooooooooooooood
o0ooooooooooooooooog cron
Mn 00O 0O 0O 0O CAMP-ISIJ, Vol.11, p.1151 (1998)

0 170Long, C. J. et al: The ferrite content of austenitic stainless
steel weld metal, The Welding Journal, Vol.7, p.281-297
(1973)

oo o0dooooooooooooooooooog
00000000oo0ooooooooooonse?,
p.122-132 (1985)

ooooodoooooooooooooooooooog
00000o0ooooooooooooooooooon
O O O CAMP-ISIJ, Vol.13, p.636 (2000)

g00 0 0000000000000 000000oOod
gboooobooobobooooboooobooooo
00000000 OCAMP-ISIY, Vol.15, p.446-449 (2002)

0200 000000000000000000 NibOOd
0000000o0oooooooOo HAZOooooo
0000000000000 88, p.29-35 (2002)

googano

g 1740



https://doi.org/10.69239/hondatechnicalreview.2003 15 2 25

g

Joogdootdboottdbbtotdun

Development of High-strength Induction Hardened Crankshaft
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A high fatigue strength and wear resistance induction
hardened crankshaft has been developed for diesel
engines. Crankshafts for use in diesel engines must be
engineered to tolerate the high loads generated by high
in-cylinder pressures, and be capable of resisting wear
caused by the carbon which collects in the lubricating
oil as a combustion by-product. Simultaneous hardening
of the shaft and the fillet has been adopted in the newly
developed crankshaft to achieve high strength while
reducing the number of production processes, resulting
in the development of a crankshaft with excellent fatigue
strength, resistance to wear, and mass producibility. A
special material was developed for the crankshaft to
enable the curvature occurring during induction
hardening of the fillet to be easily corrected. In addition,
control of inclusions in materials has enabled the lead
component, conventionally added to increase
machinability, to be removed without sacrificing
workability.
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Many different types of bolts are employed in
automotive applications for a variety of different
purposes and uses, and their strength generally ranges
from 700 N/mm? to 1200 N/mm?2. The present increasing
focus on increasing fuel economy to prevent global
warming has led to the requirement to increase the
strength of bolts in order to lower weight. However,
increasing the tensile strength of conventional bolts
increases the incidence of delayed fractures, and is
therefore not suitable for mass-market vehicles. This
project studied the use of high carbon steel rods, which
are less susceptible to delayed fracture than conventional
bolt materials, as a solution to this issue. The difficulty
of heading when employing high carbon steel rods was
solved by improving the material through the addition
of the optimum amount of Cr, utilizing a new forming
method in which the spindle is hardened during heading,
and adopting a hexalobular shape with excellent
formability. The application of these techniques made it
possible to form bolts from high carbon steel rods, and
has enabled the development of a 1600 N/mm? class
high-strength bolt. The new material and techniques have
been used in the manufacture of the conrod bolts used
in 2003 models, and have enabled the size of the bolts
to be reduced from conventionally used M12 to M9, and
the weight of individual bolt to be reduced by 80g.
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ABSTRACT

An organ-type pedal attached to the floor by a pivot
has been developed to increase the comfort of accelerator
pedals. The trace of the new pedal is in the same phase
as the motion of the sole of the human foot.

Tests on a plastic hinge structure for the pivot was
conducted. Results showed that polyester elastomer
possessed superior fatigue resistance, and this was
therefore selected as the hinge material. Newly
developed thin hinge has enabled the new pedal to equal
conventional pedal structures in strength and durability.
The hinge section was immersed in oil, grease and other
chemical agents to test durability, and results showed no
change in physical properties.

The connection of the pedal to the floor was also
altered. The flexibility of the material has enabled snap-
fit assembly, and the connection is sufficiently strong to
resist an extraction load of over 900N.
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Table 1 Material property

Material

PP Polyester

Item Unit| A B C D E
Tensile strength MPa| 19 20 | 215 | 7.8 | 14.2
Elongation % | 150 | 350 |>500| 610 | 390
Flexural modulus [MPa|1370|1320|1080| 70.6 | 210
Izod Impact J/m | 88 98 | 196 | NB | NB
MI - 15 9 3 8 8
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ABSTRACT

The steering wheel is the interior component which
is touched with the highest frequency. To improve the
feel of the steering wheel, this project developed a soft
in-mold paint which enables a soft-feeling design to be
added in the existing in-mold painting method. The
target was to achieve the feel of aniline leather, which
is the most pleasant leather to touch. Equipment
measuring the sense of friction was utilized to obtain
values for friction to which a standard deviation was
applied, enabling measurement of softness and the sense
of grip necessary for steering. The use of a combination
of soft polyester resin and urethane resin beads in the
paint mixture and a soft-type polyester-denatured
hexamethylene diisocyanate (HMDI) as the hardener has
given the paint a very soft feel.
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Table 1 RIM-Urethane steering wheel grip

manufacturing processes

No. |Manufacturing processes Purpose / Content

1 |Painting mold release | To release the urethane
compound steering wheel grip

2 | Spraying of molding - A barrier of void occurring

paint formed urethane

- Set to other interior
low-gloss parts

3 | Armature set to dies
4 | Mold closed

Hardness, impact resistance

Preparation for urethane
injection

A quantity of rule
injects urethane

5 |Injection of
RIM urethane

6 |Mold opened Release product

7 |Safekeeping calmly Room temperature turn of

a product
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Table 2 Components of soft-feeling paint

Components

Main Polymer
resin

Pigment

Filling

Additive (Activator, UVA, etc)

Solvent

Hardener | HMDI (Hexamethylene diisocyanate)

Solvent
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Table 3 Components of base polymer and variant fillings

P'\?(i)r:nt Base polymer Hardener Filling
1 Hard acrylic HMDI Silica
(Hexa methylene
2 diisocyanate) Acrylic beads
3 Polyurethane beads
4 Hard acrylic + Silica
5 polyester Polyurethane beads
6 Soft Polyester Silica
7 Polyurethane beads
8 Collagen/Soft wax
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Fig. 4 Friction of base polymer and variant filling
in in-mold paint
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Table 4 Variation in hardener components

Paint Base polymer Hardener Fillin

No. poly (HMDI) 9

7-1 Soft polyester | Normal Polyurethane
beads

7-2 Polyester-low graft

7-3 Polyester-high graft

- HMDI softness : Polyester-high graft >Polyester-low graft >Normal
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Table 5 Performance of in-mold paint containing 5%
solvent inhibitor

ltem Result

Pot life Same as current

Storage stability Same as current

Paint atomization Same as current

Painting machinery Same as current

conformity

Mold-release stability | Same as current
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Table 6 Coating performance

Test it Soft in-mold Current in-mold
estitem paint paint

Light resistance Pass (Grade 4) Pass (Grade 4)

Heat resistance Pass (Grade 4) Pass (Grade 4)

Humidity resistance | Pass (Grade 4) Pass (Grade 4)

Chemical resistance | Pass (Grade 4) Pass (Grade 4)

Wear resistance Pass (Grade 5) Pass (Grade 4)

Gloss (60°) 2.0 3.2

- Grade 5 : No defect
- Grade 4 : Some inferior, but almost unnoticeable
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ABSTRACT

Active noise control technology for booming noise
has an issue in a balance between cost and performance,
because it needs expensive high-performance processor
as DSP for the purpose of many convolution operations.
As a result, there are few applications of this type of
technology to reduce booming noise.

The purpose of this paper is to propose a new
algorithm significantly reducing the amount of arithmetic
operations by focusing on the fact that booming noise
is a narrow band noise. This algorithm enables us to
employing inexpensive controller although adaptive
signal processing is utilized. Also, the integration of this
system with an audio system further improves the
balance of cost and performance.

The system developed in this study has been applied
in combination with an active control engine mount
system to reduce booming noise generated in three-
cylinder operation by a new model vehicle fitted with a
new V6 engine provided with cylinder on demand,
resulting in the achievement of excellent fuel economy
and NV performance.
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Adaptive signal processing 12 129
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ABSTRACT

An active control engine mount system has been
developed to control noise and vibration in a completed
vehicle employing a 3-liter V6 cylinder-on-demand
engine. The research described in this paper focused on
the fact that engine vibrations caused by fluctuations in
torque can be estimated from fluctuations in crank
revolution, and developed a new fixed feed forward
control algorithm which does not employ sensors such
as aload cell or an accelerometer. A higher responsive
low-heat linear solenoid actuator has been developed for
use in the system, and its unique coupling structure with
an excitation plate inside the hydraulic engine mount
makes it extremely reliable. The results show that noise
and vibration performance at three-cylinder drive is
equivalent to that obtained at full-cylinder drive.
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ABSTRACT

Isolation rubber parts with hydro structures have low
dynamic stiffness and high damping, and also allow high
degrees of freedom in setting the required characteristics.
The project discussed in this paper studied the methods
of utilizing these advantages in suspension bushes in
order to improve ride comfort and reduce road noise.

With regard to the harshness experienced when
driving on a stepped road, the inputs are in phase for
the left and right tires in the majority of cases, and this
phenomenon formed the focus of this study. Hydro
bushes with different characteristics for the right and left
sides were used to generate phase differences in the
transmission powers to the chassis, enabling the
development of a method of countering the transmission
powers on the left and right sides. This method has
enabled the transmission powers in the chassis on
stepped road to be reduced.

Tire vibration when driving on rough paved road is
transmitted to the cabin through the suspension. It was
discovered that considerations of the rubber bush in the
suspension system as a spring element and a damping
element, and of the arm as a rigid body element and a
elastic element, were important factors in the reduction
of road noise. Optimization of the hydro bushes on this
basis enabled the level of road noise experienced in the
cabin to be reduced.
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with Non-combination Type Dynamic Damper
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ABSTRACT

Cabin noise originating in the power plant has been
reduced by utilizing non-combination type dynamic
dampers to reduce the absolute value of the complex
spring coefficient of the engine mounts in the high-
frequency range.

Development first employed simulations, which
demonstrated the superiority of the non-combination type
to the combination type dynamic dampers. Next, study
focused on how best to exploit the structural
characteristics of non-combination type dynamic dampers
to enable them to be applied to the rubber parts of the
engine mount. Single non-combination type dynamic
damper units have been shown to control increases in the
absolute spring coefficient caused by rubber surging and
mount bracket resonance. Cabin noise in a completed
vehicle has been also reduced. Finally, it has been
confirmed that the targeted durability can be kept even
with the use of the dynamic dampers on the rubber parts
of the engine mount.
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ABSTRACT

In a development of sound isolation type generators,
three-division case object structure that has divided two
cool zones and one hot zone was newly studied. This
study was aimed at establishment of compatibility at
high level between sound isolation and cooling
capabilities that are in a trade-off relationship. Sound
isolation of 12.1dB(A) was achieved according to this
structure, securing the equivalent level of cooling
capabilities to that of open frame type generators. As a
result of adopting the new structure to the generators for
domestic consumption for India, the Indian noise
regulation phase |1 has been accomplished for the first
time in the entire world.
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Intake air Open frame Prototype
temperature type (°C) machine (°C)
Air cleaner 43 43
Recoll 43 46
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<ambient temperature : 40°C>
Table 4 Main parts temperature
Main parts Open frame Prototype
temperature type (°C) machine (°C)
Oil 112 115
Plug seat 222 235
Carburetor gas 52 45
Main winding 90 100

<ambient temperature : 40°C>
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Table 6 Major specifications

Table 5 Noise limit for generator

Phase | Phase Il
Application date September, September,
2002 2003
Sound power level 90 dB(A) 86 dB(A)
(Lwa)

Model EXK2000
Type 4-stroke SV
Displacement (cm®) 197
Speed (rpm) 3000
Type Cylindrical type
AC frequency (Hz) 50
Max AC output (VA) 1600
Rated AC output (VA) 1400
DC output 12V-8.3A
Dimensions L x W x H(mm)| 890 x 430 x 685
Dry weight (kg) 76
Sound power level 82.5

[dB (A)]
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ABSTRACT

Rectangular-shaped radiators for motorcycles have
been used previously in many cases. According with the
latest high-power engines, to use arbitrary-shaped
radiators is increasing to get high heat radiation within
limited space. This type radiator has different cooling
tube length. It is more difficult to predict heat radiation
amount for this type than rectangular type as velocity
distribution is uneven. Moreover, analysis regarding heat
radiation characteristics has not been done sufficiently
and dependency of flow amount on heat radiation has
been unclear. By combining calculations of three-
dimensional flow field and one-dimension heat radiation,
a method that can predict heat radiation amount of
arbitrary-shaped radiators easily and precisely has been
constructed.
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Table 1 Comparison among three methods for heat
radiation of radiators

Methods | Flow field | Heat radiation | Calculation | Calculation
calculation | calculation time accuracy
A One One Accept- g(?ce i
dimension |  dimension able p
able
g | Three Three g(?ce . | Accept-
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dimension dimension able able
Sectional temperature
L distribution
Each L
thermal Coolant flow

resistance l

1/hw t

A 4
/A

ha V1

coefficient

1/H=1/hw + /A + 1/ha

/
r H: Overall heat transfer

Fig. 3 Cooling model of radiator tube
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