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ABSTRACT

Honda has developed the ultimate clean power fuel
cell vehicle, the FCX, to respond to environmental and
energy issues. Honda simultaneously marketed the FCX
in the U.S. and Japan in December 2002. This vehicle
is provided with a compressed pure hydrogen type fuel
cell and an Ultra capacitor as a combined power source,
and is driven by a high-performance drive motor.
Honda’s original packaging technologies enable these
units to be fitted in a compact body. The FCX has a
practical driving range, high maximum speed, and
excellent power performance. The vehicle also ensures
crash safety from all directions and comfortably seat four
adults.
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Table 1 History of major specifications
FCX
FCX FCX V3 / V3 FCX FCX
VA V2 with Honda V4
FC Stack

Exterior

High-pressure

High-pressure

High-pressure

Fuel cell stack

(Proton-exchange
membrane fuel cell)

(Proton-exchange
membrane fuel cell)

(Proton-exchange
membrane fuel cell)

(Proton-exchange
membrane fuel cell)

Hydrg}s;:tr:a supply Metal hydride Methanol hydrogen tank hydrogen tank hydrogen tank
(25MPa) (35MPa) (35MPa)
Hydrci/%TS r:(teorage _ — 100L 137L 156.6L
PEFC PEFC PEFC PEFC PEFC

(Proton-exchange
membrane fuel cell)

Power assist Battery Battery Ultra capacitor Ultra capacitor Ultra capacitor
Max'g‘;’;u'tmmr 49KW[67PS] 49KW[67PS] 60KW[82PS] 60KW[82PS] 60kW[82PS]
Maximum moto

X'totr‘que ' — — 238N-m[24.3kg-m] | 238N-m[24.3kg-m] | 272N.m[27.7kg-m]
Maximum speed —_— — 130 km/h 140 km/h 150km/h
Range (With LA4 mode) —_— —_— 180 km 315 km 355 km
Passenger 2 2 4 4 4
Cargo space volume — — —_— 98 L 102 L
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Fig. 1

Exterior view of FCX

Fig. 2

Interior design
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Table 2 FCX major specifications

Length / Width / Height (mm) 4165/1760/1645
Wheel base (mm) 2530
Vehicle weight (kg) 1680
Number of passengers 4
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Ultra capacitor

PCU
(Power control unit)

(Unit: mm)

Traction motor(integrated transmission)

High-pressure
hydrogen tanks

Fuel cell system box

Radiators

Fig. 3 Placement of major components in FCX
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Ultra capacitor

Traction motor and gear box
Power control unit

Fuel cell system
High—pressure hydrogen tanks

Fig. 4 Positioning of power train

Fuel cell system
Air supply system

g

Cooling system

- J

Ultra capacitor

Compressed
hydrogen
tank

Fig. 5 Simplified diagram of power train system
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Fig. 7 Rear suspension assembly
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Fig. 8 Hydrogen and high-voltage safety structure
and location of the hydrogen sensors
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Fig. 9 Water-proof test
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Fig. 10 Hydrogen charging inlet and grounding
system
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Floor frame

Fig. 11 Basic framework
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ABSTRACT

To respond to increasing environmental concerns and
demands for clean energy, Honda has developed an
emission-free clean power train employing fuel cells.
This power train has been fitted in the FCX fuel cell
vehicle, which is being simultaneously marketed in Japan
and the US in a world first. The new power train is made
up of a combined pure hydrogen fuel cell stack and Ultra
capacitor system, and a reluctance torque traction motor.
In addition to having a zero level of emissions of CO,
and other pollutants, the new power train has raised the
energy efficiency of the FCX to 45%, almost 1.5 times
that of an electric-gasoline hybrid vehicle (HEV) of
equivalent size. The FCX also has higher fuel economy
than an HEV, and superior acceleration from a standstill
to a gasoline internal combustion engine vehicle (ICEV).
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Table 1 Comparison of system configurations
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assisted Fuel cell High-voltage transmission nﬁiarr: acr)lve‘;,g:fjs
system - distribution system | efficiency : HIGH gasZist
not required Braking regeneration ossible
capacitor
Electric
High-voltage transmission
Battery- High vottage | | Fuel cell distribution system Efficiency : MED Power assist
assisted Control device stack required (Losses of high ossible
svstem for fuel cell stack voltage controllers) P
¥ / battery Braking regeneration
Fuel cell Simple high-voltage Electric Power and
direct- system transmission .
irec Fuel cell Efficiency : HIGH responsiveness
supply stack s ) ency - ) depend on fuel cell
system tartup device Braking regeneration stack
required :NO
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Table 2 FCX and EV PLUS motor specifications %
(8]
EV PLUS FCX = L IFCC;V
Max. output (kW) 49 60 — EVPLUS
Max. torque (Nm) 275 272 | O HE
Max. revs (rpm) 8750 11000 0 1 2
Avg. efficiency Time [sec]
in CITY mode (%) % 93 or greater Fig. 6 Standing start performance
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ABSTRACT

A practical fuel economy measurement method has
been developed for fuel cell vehicles. The weight method
was selected for study from among the various fuel
economy measurement methods available for pure
hydrogen-type fuel cell vehicles as a direct measurement
method which was accurate and could be produced at a
comparatively low cost. Solutions were provided to the
drawbacks of measurement errors caused by pressure
variations in the fuel pipes and lowered hydrogen purity
due to air entering the pipes. This development project
assisted in fuel economy measurements for the Honda
FCX, the world’s first market-ready fuel cell vehicle; it
also provided measurement system for the Environmental
Protection Agency (EPA) tests of the same vehicle,
which resulted in the world’s first confirmatory test of
a fuel cell vehicle.
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Table 2 EPA fuel economy test result for FCX

Table 1 Measurement system specifications Fuel economy
Mode .
(miles/kg Hydrogen)
Type SUK-1

X X CITY 56.8
Dimension (mm) | W 2000 xD 500 xH 1940
Fuel supply pressure  (MPa) 0.9~1.0 HWY 61.7
Max. number of tank 6

Pressure relief valve

Safety device Flow limiter valve the FREE FUEL ECONOMY GUIDE :

Break away device

Manufacture A&D
Fuel Economy
Max. 1000. v % g

ax. mass (9) 31000.0 ‘ 7
Min. mass (9) 0.1

miles | kg Hydrogen
(equivalent to 49 mpg)

ACTUAL CONSUMPTION AND RANGE will vary from manufzciurer's estimates as a result
«of driving technique, driving conditions and accessory usage, particularly as affected by
ambient temparature and use of heating and air conditioning.
ESTIMATED ANNUAL FUEL COST: $1515 a1 $5.05 per kg Hydrogen
Based on this vehicle's energy consumption when driven 15,000 miles per
year. (For comparison, the estimated annual fuel cost would be $B30 for a
J i ging 28 mpgatl $1.55 per gallon.}
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see www.fueleconomy.gov

Fig. 12 EPA fuel economy label
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Rapid Compressed Hydrogen Filling System for Fuel Cell Vehicle
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ABSTRACT

A compressed gas system previously utilized in
natural gas vehicles (NGV) was utilized in the Honda
FCX. Rapid filling tests of the high-pressure hydrogen
tanks of both Type 3 (Aluminum liner) and Type 4
(High Density Polyethylene) were carried out using
compressed hydrogen gas. Type 3 tanks showed better
performance. This result can be explained in terms of the
difference in heat diffusion coefficient between
aluminum and HDPE. The shortest filling time from
1MPa to 34.4MPa to enable a gas temperature increase
(AT) of 45°C to be observed using Type 3 tanks with a
total volume of 156.6 dm?® was found to be 3.6 min.,
almost the same as the refueling time of present gasoline
vehicles.
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Fig. 1 Schematic illustration of high-pressure hydrogen supply system
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Table 1 Mechanical properties of high-pressure
hydrogen tank components

Aluminum | HDPE CFRP"

Density

(kg m™®) 2680 955 1700

Specific heat

(kJ kg 'K 0.896 21 0.9

Heat conductive

coefficient 180 0.41 6.5

(W mK™)

Heat diffusion

coefficient 74.96 0.2 4.25

(mm2s™)

*)Carbon Fiber Reinforced Plastic
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Table 2 Comparison of filling efficiency obtained from
simulation method

o Fillin

AT (°C) efficienc?/(%)
Type 4 54 86.8
Type 3 (Liner thickness : 7 mm) 40 89.9
Type 3 (Liner thickness : 3 mm) 46 88.6
Type 3 (Liner thickness : 1 mm) 51 87.5
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ABSTRACT

An electric double-layer capacitor system has been
developed for the Honda FCX fuel cell vehicle. This
high-power capacitor system offers more than 30%
higher output power and more than twice the power
density of the nickel-metal hydride batteries used in
hybrid electric vehicles (HEV) at an equivalent system
voltage, and satisfies automotive power requirements.
The new system is equipped with a capacitor cell
protection system which monitors capacitor voltage and
provides equalization and fail detection functions, and
heat insulation and a cooling system control temperature
increase both when the vehicle is parked and when it is
running. The effectiveness of these systems has enabled
the new capacitor to satisfy durability and reliability
requirements in unit tests and running tests.

gooodd

goooooooboooboooooooooooooon
gboboooobooobobobobobobooboooo
gboboboooooobooboobooImiMAODOODOOO
gbobooooooobobobobobobooboooo
gbooboooooooboobooooboobobobono
00 HondaFRCX DOOOOOOOO0OOOOOOOOO
gboobooooooobooboboboboboooboooo
gbobooooooobobobobobobooboooo
goboooooooooobooooooooboboooboobooooo
gboboooooooboobobobobobobooo
0000000000 FuelcelDODO FCOODMmMOO
gbobooooooobobobobobobooboooo
goboboooooooboboboboboboooooo
gboboood

gboobobooooogo

gobooobooooooboon

gooooooooooooooooboOorCObObOOO
gbobooooooobOoboboboreXoooooo
0000000 CIVICHybrid DODOOO0O0O0O0O000O0O0
O0000DO0OCO0O0000DOCOOOTable1DDOOO
OoOoooodOLion OOOOOOOODOOODOOOO
CIVICHybridODOOOOOOOODOOODOOOOOO
goboobbooboooboooboooboboooo
O0O000oO0ooODOoOOO0OL+[MonDOO0O0OOOO0ODODOD
gboboboboboooooooboobobobooo
gboboboboboooboobooboboboboonoo
oooboooooooooobbooob rECOOOODOO
gboooboobooboorCO0DOOODOODODOO
gboboboboobooooooooboboboono
gooo

0250



Honda R&D Technical Review

Vol.15 No.1 (April 2003)

Table 1 Power density and voltage of secondary
batteries
Power System

density voltage O(\C/)V

(Wikg) (V)

. Over 400
Ni-MH 500 ~210 320

. Over 400
Li-ion 1000 ~o85 340

. Over 400
Capacitor 1000 -0 —

*Upper voltage fixed 400V
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ABSTRACT

An electric double-layer capacitor has been developed
as an energy storage device for a fuel cell vehicle. This
capacitor has been utilized in the Honda FCX fuel cell
vehicle marketed in December 2002. The capacitor
features a rolled electrode housed in a cylindrical case.
The aluminum foil at the sides of the electrodes is
welded to collector plates with radial U-shaped grooves;
the structure is welded together after alignment of the
terminals at the center of the collector plates with the
holes in the center of the case and case cover. This
configuration has enabled the achievement of a charging
rate of 86% in the electrode and a connection resistance
of less than 0.05m€. Due to this packaging the unit
displays the world’s highest level of performance for a
capacitor cell, with a specific power density of more than
1 500W/kg and a specific energy density of 3.9Wh/kg.
Tests show that the longevity of the capacitor is
equivalent to or greater than that of the vehicle in which
it is fitted.
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ABSTRACT

An electrode has been developed for the electric
double-layer capacitor utilized in the Honda FCX fuel
cell vehicle. Control of the property of the pores of the
activated carbon which is the main material and efforts
to increase electrode density have enabled the
achievement of a capacitance per unit volume of 17.6F/
cm?®, while optimization of the electric conductive
adhesive has brought surface resistivity to 6.7Q-cm?.
Excellent durability has been achieved by controlling
residual organic impurities in the production process. As
a result, the capacitor cell in which the electrode is
utilized has a capacitance of 1350F and an internal
resistance of 2.5mQ2, is highly durable, and was judged
suitable for use in the Honda FCX.
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Table 1 Characteristics of adhesive components

Adhesive Solvent Eleptrolyte Features
component resistance
- High adhesive
Poly-Imid N-methyl strength
Oly-imice- -methy Good - Difficulty of solvent
amide pyrolidone removal
- Low durability
Silica sol water Good - Fragile and easy to
peel with bending
- Good flexibility
PVA water Good - Easy to reduce
residual solvent
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Table 2 Electrode performance

Item Achieved value

Specific capacitance 17.6F/cm?

Surface resistivity 6.7Q-cm? (per single electrode)
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Table 3 Sheet electrode quality

Item Achieved value

Thickness accuracy of

+ =
sheet electrode +51m (0=0.18)

Density accuracy of

3 (5
sheet electrode +0.01g/cm” (0=0.0029)
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Table 4 Capacitor performance

Item Achieved value
Capacitance 1350F
Resistance 2.5mQ
Durability longer than FCX life
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Development of Seal Technology for Electric Double-layer Capacitor Cover
Using Aluminum-Resin Insert Mould Process
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ABSTRACT

Electric double-layer capacitor covers are required to
seal in organic liquid electrolytes, isolate positive and
negative electrodes, and maintain pressure tightness. An
insert mould process using chemically combined
aluminum and resin and a rib to prevent resin shrinkage
have been developed to enable these requirements to be
met. In this process aluminum and resin are bonded by
insert moulding after triazinedithiol electrocoating of the
aluminum surface. Optimization of the formation of the
triazinedithiol coat and insert mould conditions and the
establishment of a rib between the aluminum and resin
have enabled the production of covers which satisfy the
requirements enumerated above after acceleration tests
based on actual use conditions. The long-term sealing
performance of the new covers has also been verified.
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Introduction of Micro Combined Heat and Power Generation Unit for Residential Use
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Micro-cogeneration units (MCHP1.0) for residential
use have been developed. These units produce both hot
water and electricity. This process is carried out in an
extremely efficient manner. By fueling the system with
clean burning natural gas, carbon-dioxide emissions can
be further reduced. Power line from those units can be
connected to the electricity grid. Honda MCHP1.0 has
reached 85% (LHV) of total energy efficiency, 380mm
width of enclosure and 46dB(A)/1m of operating noise
level by advanced small engine technology and inverter
generator technology accumulated in Honda power
equipment business. These units are the smallest ones as
commercialized cogeneration units.
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ABSTRACT

“RINCON TRX650FA” of a new concept, which can
ride enjoyably and comfortably for the recreation use
mainly, was developed as Honda’s flagship model of
utility oriented ATV(AIll Terrain Vehicle) series. An
electronic controlled three speed automatic transmission
with torque converter was employed for the first time
in the world and a powerful and comfortable running
performance was realized by combining with newly
developed 648cm?® single-cylinder engine of flat torque
type. Moreover, riding comfort and the running stability
were achieved in the higher performance by adopting a
rear independent suspension for the first time for Honda
and a radial tire. Some weight reduction technologies
such as an aluminum alloy forged suspension arm was
effective for the higher maneuverability during running
on the rough road. As a result, these advanced
technologies by an original new design of SUV concept
realized the powerful running performance.
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Fig. 1 External view of TRX650FA

Table 1 Major specifications

ltems Specifications

Overall length (mm) 2113
Overall width (mm) 1189
Overall height (mm) 1207
Wheelbase (mm) 1289

Front 915
Tread (mm)

Rear 945
Seat height (mm) 875
Ground clearance (mm) 234
Vehicle dry mass (kg) 273

Liquid cooled 4-stroke

Engine type single cylinder
Displacement (cm3) 648
Bore x Stroke (mm) 100 x 82.6
Compression ratio 9.2:1
Valve layout OHYV 4-valve
Max. Output (kW/r/min) 27.3/5 500
Max. Torque (Nm/r/min) 49.9/4 500

Torque converter 3-element, 2-phase

Direct hydraulic controlled

Creep control system system by linear-solenoid

Constant-mesh type

Transmission type 3-speed automatic

Fuel tank capacity (L) 17
o Front AT25 x 8R12
Tire size
Rear AT25 x 10R12
Front Hydraulic drum
Brake system —
Rear Hydraulic disk
. Front Double wishbone
Suspension -
Rear Double wishbone

49.9Nm/4500r/min000000O0O0O00OCOCO0OO
gooooooooooooobobooobbbbobon
Uo0oD000D0D00O0OTRX500FAODODODOOOODOO
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Fig. 3 Main section of engine
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Fig. 10 External view of operation items
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ABSTRACT

The world’s first engine with a torque converter has
been developed for the paramount TRX650FA in
Honda’s utility oriented ATVs (All Terrain Vehicle). A
linear solenoid valve and a hydraulic clutch control the
creep phenomenon at an idling peculiar to the torque
converter. The start-ability is equal to a wet automatic
centrifugal clutch for conventional ATVs. A pleasant
running like automobiles was realized by employing
electronically controlled three-speed automatic
transmission. To assemble the transmission and the
engine using an existing production line was enabled
because the lubrication systems of both the transmission
and the engine were designed in common. A substantial
mass reduction was achieved by the optimizing design
of each part.
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Table 1 Specifications of engine

Liquid cooled 4-stroke

Engine type single cylinder
Displacement (cmd) 648
Bore x Stroke (mm) 100 x 82.6
Compression ratio 9.2:1
Valve layout OHV 4-valve
Max. output (KW/r/min) 27.3/5500
Max. torque (Nm/r/min) 49.9/4500
Engine mass (kg) 59.8

Torque converter

3-element, 2-phase

Creep control system

Direct hydraulic controled
system by linear-solenoid

Transmission type

Constant-mesh type
3-speed automatic
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Fig. 5 Cutaway model of torque converter

Table 2 Specification of toque converter

Hydraulic diameter (mm) 146.5
Impeller 28
Number of blades Turbine 23
Stator 15
Torque converter dry mass (kg) 3.0
Max. torque (Nm/r/min) 49.9/4500
Vehicle dry mass (kg) 273
Torque mass ratio (kg/Nm) 5.5
Used oil type Engine oil
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Table 3 Comparison of toque converter size

Hydraulic diameter (mm) 146.5 150 168
Impeller| 28 23 23

Number of blades Turbine 23 21 21
Stator 15 11 11

Torque converter dry mass (kg) 3.0 3.3 4.0
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ABSTRACT

Concerns about environmental protection and energy
saving are growing in the world, and Thailand market
also strongly requires an improvement of fuel
consumption and emission for motorcycles. Therefore,
we developed a 125 cm?® 4-stroke engine with
revolutionized fuel consumption and emission for
Thailand market. For enhancing the fuel consumption,
the friction of contact surfaces of rocker-arm and piston
and the mechanical input of generator was reduced. Also
the combustion efficiency was enhanced by changing the
ignition timing by throttle opening. For reducing the
emission, the secondary air pulse induction system,
introducing fresh air into an exhaust port, was employed.
As a result, the fuel consumption was enhanced 30% in
ECE40 mode compared to the 108cm engine of previous
model. The emission was reduced 55% in CO and 60%
in HC+NOx against the value of the 4th emission
regulation in Thailand.

gooogd

000000000000 Fig. 1000000 1990
goooooooooooooboobobbobbobobobooo
OO0OHonda OO0OOOOOOOCDOOOODOOODOO
goooooooooooooboobobbbbobobooo
ggoododooooooooooobooboobobbbobooooo
goo

goodoooooboobboboboboooooooooon
goooooooooooooboobobbbbobobooo
Oo0ooOooO0o0oO0 125em*O000000COOCOOO
gooooooooooooboboobobbbbobobooo
ugooooooooooooooooooo

gooooo

goobogooo

gboboboboobobobobooooobooooo
gooooo
gbmooobOOobOECE400000000000D00DO
gobooog oeood
o0@ooOobooobooOooooboooooooD wv2omood
O000000oo0O0o00d Co/HC+Nox:4.59/km/3.0g/kmO

goboooobboooobooo

Fig.2 0000OCOOOOOOO0OOO0OOOTablet1 O
oooooooo

g 7o



Honda R&D Technical Review Vol.15 No.1 (April 2003)

1500 100%

gooobooooHCcOOOoooooooooooobooo
O000000o00ooOoooooooooO 108cmd OO
125cm*00000000000000e66° 0049 OO0
obooboooooog 23zmm0Od0 24amm OO000O0O0O
od2ommO0 22mm 00000000000 0OO0O9.0
o0 930000

3 2-stroke
3 4-stroke
—0— 4-stroke%

o 1200 80%

©
o
o

60%

uobooobooodon

D
o
o

40%

4-Stroke sales (%)

gboboobobooboobooooboooooooboooboon
goo

Sales by engine type (1000 Units

(]
o
o

20%

il

[

41. 0000000000000 0O00O000OO0

gbobooboboobooboooobooooooooobon
gboboboboobooooooooobobobooo
goooooooooooobooooooobobooboobooooo
gobooboobooboobooboooboobooobooboao
gboboboboboooooooooboboboDbo
gbobobobooboboooboobobobobooboog
gboboboboboooooooooboboboDbo
ooooooooobobDFrg 30 0000OODO0O0ODO0O0OO
obobOoD ee° OO 49° DOOOOODOOOOOOO
goooboobobooooobobooboooooooboobooog
000000000 Fig.4OODOOOOODOOODOOO
goooobobooboooooooboooboboooooooboobooo
gbobobobobooooooooobobobobo
ooo

gboboboboboobooboobooooooooo
gbobobobobooboooboobooobobobono
gboooooooogobo

O0000OFg. 5 J0DO00O0ODOOODOOODDOO
000000000000 4000r/min O 24000000
gooooo

0%

0
1990 1992 1994 1996

Year

1998 2000

—_

Fig. Motorcycle market demand in Thailand, share

by engine types

Fig. 2 Sectional drawing of developed engine

Table 1 Major specifications of engines

ltems Developed engine Previous engine
Engine type 4-stroke, single-cylinder 4-stroke, single-cylinder
Bore x Stroke (mm) 52.4x57.9 50 x 55.5
Displacement 125 108
Compression ratio 9.3 9
Valve train SOHC 2-valves SOHC 2-valves
Valve diameter (mm) IN 24, EX 21 IN 23, EX 20
Included valve angle (deq) 49 66
Clutch type Automatic centrifugal Automatic centrifugal
Transmission 4 speed constant mesh 4 speed constant mesh
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Recently, concerns about environmental conservation
have been growing, and reducing the exhaust emission
and enhancing the fuel economy are being major subjects
for small motorcycles. Therefore, electronic control fuel
injection systems, which can finely control an air-fuel
ratio, have been employing. This time, the ECU
integrated throttle body system for the electronic control
fuel injection system, which is compact and low-cost, for
a small displacement engine was developed. Features of
this system are to combine two modules. The modules
are throttle body module with several bore sizes in series
and ECU module with electronic control unit, sensors,
and idling-air-control device. As a result, the complex
wiring and piping were minimized, the miniaturization
was achieved, and the system with generality that
enables to install to the single cylinder engine from
50cm?® to 250cm?® was achieved.
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Table 1 Current emission limits for motorcycles
co HC NOx
(g/km) (g/km) (g/km)
Euro-3(<150cm?3) 2.0 0.8 0.15
Thailand Level 5 35 1.8
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Table 2 Test engine specitications

ltems Spesifications
Bore x stroke (mm) 52.4 x 57.8
Displacement (cm3) 124.6
Compression ratio 11.0
Valve system OHC 2 valves
Max power (KW/r/min) 9.66/9000
Max torque (Nm/r/min) 11.4/7500
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Development of Engine Rock Dampers for the
Manual Transmission 2003 Acura 3.2CL Type-S

Michael THOMPSON®  Atsushi YONEYAMA

ABSTRACT

Engine mount development for the manual
transmission 2003 3.2 CL Type-S included the use of
engine rock dampers, a new technology for Honda. A
damper mounted between the engine and subframe with
isolation rubber to control engine-roll motion was
developed as a countermeasure to improve shock hunt.
Engine rock dampers are found to be an effective means
of controlling engine roll stiffness for transient torque
input. Shock hunt targets are achieved, sports coupe
drivability is maintained, and marketable noise and
vibration levels are preserved.
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1. Introduction

The goal of the mount development for this vehicle
was to achieve a marketable throttle tip-in acceleration
feeling without compromising the drivability
expectations of the sporty coupe driver. Shock hunt
describes the undesirable acceleration feeling upon
throttle tip-in. These phenomena would be commonly
described as jerkiness under acceleration. The initial jerk
after applying the throttle is shock. The ‘back and forth’
feeling after the shock is hunting. Generally the primary
engine mount technical concern for front-engine front-
drive manual transmission vehicles is shock hunt.

The 3.2CL presented very difficult challenges from
a shock hunt standpoint. The powertrain generates 232
Ib-ft of torque, more than any other Honda with a
manual transmission. Drivetrain layout, front drive with
a transverse front engine, is fundamentally weak for
shock hunt. Reducing shock hunt levels imparts the
vehicle with a stable and secure feeling under
acceleration.

This report will detail the development of engine rock
dampers as part of an engine mount system that is
compatible for shock hunt as well as noise and vibration.

0 Honda R&D Americas, Inc.
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2. Shock Hunt Mechanism

The shock hunt time history data below (Fig. 1)
shows the longitudinal acceleration experienced upon
abrupt and heavy throttle application. Average
acceleration is the rate of the vehicle acceleration
forward. Overshoot equals the difference between peak
acceleration and average acceleration. Overshoot
describes shock. Hunting is the sinusoid portion of the
acceleration time history as it decays to steady state.

9.8
Body-X acceleration
‘E § Damping curve
£ 2} Y= 0.3367*EXR(1.76447Ix-0.25))
s 2 w
=494 O
o
<@
[0
Q
Q
<
Nshock hunting
o Hi : :
0 1 Time [s] 2
Fig. 1 Shock hunt acceleration time history
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The main cause of shock hunt is the powertrain 1*
order torsional resonance. As the simplified model
below illustrates (see Fig. 2), the primary springs for this
system are the driveshaft, clutch spring, and engine
mounts. Important masses include engine mass and
flywheel inertia. The input for this system is transient
engine torque. If the mounts have nonlinear
characteristics, the engine roll resonance, and sometimes
the suspensions unsprung resonance can also contribute
to shock.®

Engine
Clutch
Flywheel
Tire
Engine
mount Suspension
Body

Fig. 2 Simple powertrain model for shock hunt

Generally the primary shock hunt concern is coupling
of engine front to back motion and powertrain torsional
resonance. The frequencies of engine roll and
suspension resonances are higher than powertrain 1*
order, but their effect can be seen in multiple peaks
within the main shock peak. Figure. 3 shows the typical
frequency ranges of areas important for shock hunt.

€

>

= 1 Powertrain

8 torsional

S .

5 5 Engine mode

= front-to-back

o] .

5 3 Engine roll

£

3 4 Suspension

°

ke unsprung
1 20

Frequency [Hz]

Fig. 3 Shock hunt primary and secondary modes

For the 3.2CL engine roll stiffness is very important.
Since engine torque is high, drive reaction force at the
mounts are much larger than a typical car. Therefore, it
is very important to control roll stiffness with engine
mounts.

3. Typical Shock Hunt Countermeasures

Typical shock hunt countermeasures can be broadly
grouped into three categories: software, powertrain, and
chassis. Software countermeasures include ignition
retard and throttle response control. Relying on software
to meet shock hunt targets would result in a vehicle that

feels sluggish. Other countermeasures offered a better
compromise for 3.2CL Type-S sporty image.

On the powertrain side, the 3.2 CL applied a dual
mass flywheel. This imparted the vehicle with a very
flat clutch-spring characteristic, which is a good direction
for shock hunt. The negative of the dual mass flywheel
is lighter engine-side mass as compared to a
conventional flywheel. Increasing the mass of a
conventional flywheel reduces shock hunt level, but can
result in a vehicle that feels slow to respond.

Finally, chassis countermeasures, including engine
mount stiffness, damping, and stopper characteristic
tuning are available to control shock hunt. Mount
characteristics are especially important if the engine roll
mode is contributing to shock. Increasing engine mount
stiffness reduces powertrain peak acceleration and also
helps keep the movement within the linear segment of
the mount’s stiffness characteristic (see Fig. 4).
However, increased mount stiffness also reduces
isolation between the engine and body, resulting in
higher noise and vibration levels. Mount damping can
also be used to diffuse shock hunt, but effectiveness is
limited. Increasing damping is basically limited to
changing material, typically up to 10% due to other
engine constraints.

Stopper characteristic tuning is important if the mount
is contacting its stopper in the shock hunt driving mode,
targeting smooth and linear engagement.

6000

3000

Stopper contact

-6000
Extention [mm]

Fig. 4 Engine mount and stopper characteristic

Every countermeasure has tradeoffs. A new chassis
countermeasure to improve shock hunt was required. To
maintain sports car image a limited, reliance on ignition
retard and minimizing flywheel inertia were important
for this vehicle. Therefore, the 3.2CL applied a new
chassis countermeasure to meet shock hunt targets.

4. New Shock Hunt Countermeasure

Engine rock dampers offer the opportunity to
dramatically increase stiffness and damping in a dynamic

goon
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event while maintaining relatively low stiffness under
conditions where engine movement and velocity are
small. Of the typical shock hunt countermeasures, only
increasing powertrain roll stiffness would maintain the
vehicles sporty character and have enough impact to
meet shock hunt target. However, in order to maintain
noise and vibration performance, the engine mount
system could not be stiffened sufficiently by
conventional means to meet the shock hunt target.
Therefore, engine rock dampers were considered as a
new countermeasure. The engine rock damper is a
dashpot/absorber mounted between the engine and
subframe (see Fig. 5).

Fig. 5 3.2CL engine mount layout

The engine rock damper (Fig. 6) consists of a soft
upper bushing which sandwiches a bracket attached to
the engine. Engine movement compresses the upper
bushing and displaces the damper piston. The lower
bushing is very stiff and experiences little deflection.
This construction is very advantageous for 3.2 CL
application. At shock hunt driving mode, the damper
experiences large displacement at approximately 3 Hz
where damping force is high. Under steady-state
conditions, the damper is not moving and the relatively
soft upper bushing offers isolation.

l Upper bushings

| Engine-side bracket |

Lower bushing

A/ (bodyside)

Fig. 6 Engine rock damper

In a dynamic event with large gross engine
displacement, engine rock dampers provide additional
stiffness to the engine mount system. Fig. 7 shows the
load borne by the rock damper peaks 0.03 seconds
before that of the engine mount. The rock damper
distributes the shock to the body over a longer period
than conventional engine mounts. This smoothes the
peak acceleration experienced by the body.

700
Front engine
mount load
;i Front rock
e damper load
IS,
o
- 0 A_/
-400
0 0.1 0.2

Time [s]

Fig. 7 Rock damper and engine mount loads
in shock

The damping characteristic, not including the upper
bushing has the shape seen in Fig. 8. Positive damping
force is bump, or compression. The plot illustrates the
peak damping force value for each velocity. At lower
piston velocities, and for those in the shock hunt driving
mode, bump and rebound have similar stiffness
characteristics. Over 200 mm/s stiffness in bump
remains flat, while stiffness in rebound continues to
increase. However, this is outside of the shock hunt
driving mode.

200 mr— e e e
a’f-___ N
| ~ Bump
— /
Y
© 0~
o
L .
)] -
£ .
£ - Rebound
5] ~
o

Shock hunt operating range
-400 ! . - - -
0 Peak velocity [mm/s] 500

Fig. 8 Rock damper damping force

Rock dampers offer a large increase in stiffness and
damping of the engine mount system in engine dynamic
events, like shock hunt. When the rock damper piston
is not moving, static friction effectively makes the
damper rigid. The upper bushing affords isolation
between the engine and the body.
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5. Shock Hunt Result

Using engine rock dampers, engine dynamic roll
stiffness and damping were increased to meet shock hunt
targets. Peak body acceleration was reduced by 25%.
Target of 3 [m/s?] overshoot for shock and —1.6 hunting
time constant was achieved (see Fig. 9 and 10). Adding
rock dampers increased peak dynamic roll stiffness of
the engine mount system 45% in shock. In hunting,
dynamic roll stiffness is increased approximately 30%.

Below on the shock judgment chart (Fig. 9), the
vertical axis is overshoot, the height of the first peak
over average acceleration. The vertical axis on the
hunting chart (Fig. 10) is the time constant of an
exponential curve fit to the hunting peaks (see Fig. 1).

Rock dampers increase powertrain transient natural
frequency by 5%, from 3.25 to 3.42Hz. Steady-state
movement does not change. Peak overshoot movement
is reduced 45%. See Fig. 11. Rock dampers are
velocity devices and have little static stiffness. Final
engine position under acceleration does not change, but
transient movement is reduced. Stiffness of the rock
damper in shock is very high due to high engine
velocity.

5.9
3.2CL Type-S base °
g //
E -
g °
<
[ plied engine
g rock dam
e}
0
1 5

Average acceleration [m/s?]

Fig. 9 Shock judgment chart - 2" gear WOT

Damping time constant

Average acceleration [m/s?]

Fig. 10 Hunting judgment chart - 2" gear WOT

9.8

No countermeasure

Rock damper system

Acceleration [m/s?]
N
©

0
0 1 2
Time [s]
Fig. 11 No countermeasure vs. rock damper system
shock hunt time history
12 4

Steady-state - 0.50
~~ movement

e

Reduction in
overshoot movement

Displacement [mm]
o
1

No engine rock 1 0.20

dampers

With engine rock _cé)

dampers o]
El
2,

-12 - L ! - -0.10
Time [s]

Fig. 12 Rock damper displacement and velocity
— 2" gear WOT

Rock dampers add roll stiffness and damping to
engine mount system in dynamic events. Applying
engine rock dampers reduces engine overshoot
movement. Fig. 12 shows the effect of rock dampers
on the first three cycles of engine overshoot movement.
Fig.13 expresses the reduction in movement for the first
three cycles as a percent increase in stiffness. The
percent increase in stiffness for each point is plotted
against roll frequency. Roll frequency for each cycle is
analyzed from measured data using the inverse of time
from peak-to-valley divided by two.

In shock, engine mount dynamic roll stiffness is
increased 45% by adding engine rock dampers (Fig. 13).
Damping force drops off as engine movement slows
down and damper displacement is reduced. At steady
state, when the rock damper is no longer moving, static
friction locks the damper and the upper bushings alone
contribute to mount system stiffness.

To achieve shock hunt target, the 3.2CL requires a
rock damper rate of 1500N at 120 mm/s (see Fig. 14).

Although roll stiffness is significantly higher in a
dynamic event; any increase in static stiffness in steady-
state conditions comes only from the upper bushing.
Shock hunt body acceleration levels experienced by the
driver achieve targets.
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Fig. 13 Dynamic stiffness increase to engine mount
system by adding rock dampers
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Fig. 14 Rock damper rate effect

6. Engine Rock Damper Tradeoffs

6.1. Idle Vibration

Idle vibration in the seat and steering wheel is
heavily influenced by the engine roll mode in vehicles
with V6 engines. Rock dampers reduce isolation
between engine and body by 4dB. The 3.2CL required
additional countermeasures for idle noise and vibration.
Sporty car idle targets were achieved with the following
countermeasures: bumper beam dynamic damper, idle
engine speed increase to 790rpm, and tuning of steering
dynamic damper. See Fig. 15.

STRGi-Z no rock dampers
[y
x\
S \ STRG-Z final level
= |
[
o)
[0}
(&
[S]
< \
-
h
10dB Idle sqeed 79‘0rpm
y
600 Engine rpm 1200

Fig. 15 3" order steering vibration

6.2. Engine Noise

Engine noise during acceleration increased throughout
the engine speed range but no bad feeling peaks were
created. The increase in noise was judged acceptable for
a sporty car.

7. Conclusion

Rock dampers are very effective countermeasure for
shock hunt. Rock dampers are able to provide a
significant increase in engine roll stiffness in a dynamic
event while remaining relatively soft at steady state.
Shock hunt acceleration levels experienced by the driver
are reduced to meet targets. Acura 3.2CL Type-S shock
hunt feeling improved to an acceptable level by applying
engine rock dampers without compromising drivability
expectations of the sporty car driver. Marketable noise
and vibration levels are preserved.

Reference

(1) Inoue, M.: “Analysis on Acceleration / Deceleration
Shock and Vibration in FF Vehicle”, Proceedings
Journal of Society of Automotive Engineers of Japan
921087 (1992)

go3n



Honda R&D Technical Review Vol.15 No.1 (April 2003)

e 000m

Michael THOMPSON Atsushi YONEYAMA

gon



https://doi.org/10.69239/hondatechnicalreview.2003 15 1 15

gooo

Joodooobooboodoouogboodoogd
O odAsSIMOUO O O O

Gesture Recognition Algorithm for Understanding of Man-Machine Interaction
and Its Adaptation for New ASIMO

ooooopooe
Nobuo HIGAKI

oooooooe
Taro YOKOYAMA

ocooooogee
Kikuo FUJIMURA

ggoo

gbobooogoooooooomAsiIMO™IOOongd
gboboooooooooboooobooboboboonog
goboooooooboobooooooboooooooboo
gboobooooooobooboboboboboooooo
gobobobobobobob ooobobOoDbODO
gboboooooooboobobobobobooboooo
gboboooboobooobobobobobobooboooo
gboboooooooboobobobobobooboooo
gbobooooooobobobobobobooboooo
gbobooooooobobobobobooboooboooo
gbobooooooobobobobobobooboooo
gbobogobooooooobooboobooboboboonog
goboogo

ABSTRACT

An image-based gesture recognition module has been
developed as a part of biped walking humanoid robot
ASIMO’s man-machine interaction function in order to
enhance its autonomy. ASIMO recognizes human
gestures based on statistical analysis, using spatio-
temporal variance of three-dimensional(3D) positions of
the face and hand. It is able to distinguish 10 kinds of
gestures and postures on left and right side each. It is
also able to recognize a position pointed by an operator
from the relative position of operator’s head and hand
and from the direction of the arm. This is calculated by
PCA(Principal Component Analysis) on a 3D-point set
observed in the proximity of his arm. These components
are implemented in a layered structure to reduce
complexity, and in optimally designed communication
structure to minimize processing resources. This effort
has resulted in a comprehensive image processing system
in ASIMO’s onboard computer.
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ABSTRACT

An intake port design support tool using a CFD
(Computational Fluid Dynamics) software based around
the PCC (Partial Cells in Cartesian coordinate)
computational mesh method was applied during the
development of a motorcycle engine. The CFD analyses
were performed with a relatively quick turn around time
due to the reduced mesh generation time. To ensure the
practical use of the tool, the CFD results have been
validated using measurement data. Also
recommendations for the mesh setup are described as
well as details of the post processing improvements
which have been implemented. This has confirmed the
CFD software as a suitable design support tool.
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ABSTRACT

Three-dimensional (3D) CAD systems have been
used for design and development of automobile
transmissions for several years. These systems have been
improved to the point that they can be used to design
sand castings which have precision equivalent to that
mass-produced from die molds. Since automatic meshers
for CAE analysis have improved so much, it has become
increasingly common practice for designers to use, as is,
the 3D models of prototype parts and mass products in
CAE analyses to make decisions on the detailed
specifications of components. The next step in this
revision of CAE systems is to re-create them as a more
designer-friendly environment, and allow designers to
use these systems to perform CAE analyses not only of
individual components, but also of assemblies, a much
more difficult task.
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Previous: 2D drawings Current: Detailed 3D model

Fig. 1 Comparison of designing methods for sand
mold manufacturing
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ABSTRACT

The characteristics required for wheel function were
clarified and a thin, lightweight aluminum wheel was
developed. The method adopted to reduce wheel
thickness involved improving the mechanical properties
of the materials by modification of the die layout. In
the newly developed die layout, the gates that are set at
the periphery of the outer rim are positioned at the
bottom of the slide die so that the number of gates, their
locations, and their shapes can be changed freely as
needed. This arrangement made it possible to reduce the
thickness of the material and increase the cooling rate.
The faster cooling rate resulted in a finer structure,
yielding greater elongation, which improved the fatigue
strength and increased the toughness of the material. As
a result, the thickness of the product in the inner rim and
spoke portions was reduced 25%, achieving a 10%
reduction in the weight of the wheel. This also
shortened the casting cycle time and eliminated the need
for a reforming press, therefore improving productivity.
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Table 1 AC4CH chemical composition
(Wt.cyo)
Cu Si Mg Zn Fe Mn
JIS standard 0.20 Max 6.5~75 0.25 ~ 0.45 0.10 Max 0.20 Max 0.10 Max
A representative example 0.003 7.10 0.320 0.005 0.121 0.016
Ni Ti Pb Sn Cr Al
JIS standard 0.05 Max 0.20 Max 0.05 Max 0.05 Max 0.05 Max Bal.
A representative example 0.005 0.120 0.005 0.000 0.001 Bal.
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ABSTRACT

To rationalize the layout and increase the mass
productivity of HEV drive motors, integrated molding of
high voltage distribution parts using plastic insulation
material was investigated as a method to reduce the
number of parts and increase ease of assembly. The
enlargement of part dimensions occurring with the
change to molding plastic from using the former cure
coat-type fluoropolymer insulator material was
minimized and waterproofing performance was
increased. Selection of materials on the basis of
measurements of heat strain in plastic molded parts and
full molding using floating over molding ensure
waterproofing. Study of the design basis for high-voltage
insulation clarified the minimum insulation distance,
enabling the development of an integrated bus ring
molding technology which allows mass production
without increasing the dimensions of the parts.
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ABSTRACT

A positive proportional relation between arc length
and arc illumination was found to apply in arc welding.
By applying this relation, a control technology was
developed that maintains arc length at a constant fixed
value during welding. This enabled control that is able
to maintain a fixed arc length of 1.0 mm or less, which
was not possible with conventional arc voltage control.
As a result, stable, uniform melting was achieved on
ultrathin boards 0.5 mm thick or less by the application
of low-current, low-voltage welding.
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Table 1 Welding condition

Base material SUS316L
Thickness 0.5mm
Material of electrode Tungsten
Diameter of electrode 1.6mm
Welding current 27A
Welding time 0.25s
Welding method TIG
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Table 2 Condition of arc length change and arc
optical illuminance experiment

Base material SUS316L
Thickness 1.6mm
Material of electrode Tungsten
Diameter of electrode 1.6mm
Extension of electrode 16mm
Distance of electrode 150mm
and illumination meter

Welding method TIG
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Table 3 Result of experiment Driving signal
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ABSTRACT

The auto-ignition is focused as a combustion process,
where improving efficiency and lowering NOx emission
could be compatible. A current subject would be
controlling combustion process. Honda demonstrated a
method to control the auto-ignition, i.e. Activated
Radical (AR) Combustion, in several commercial
motorcycle engines.

Through the experimental analyses of the AR
Combustion, this article shows that control of the gas
exchange generates a temperature for the auto-ignition
in the end of compression stroke, due to heat exchange
between residual and new mixture. It is also revealed
that its combustion speed is affected by the engine speed,
scavenging efficiency and etc, however, 10% to 90%
mass burn timing is settled on the same crank-angle
duration, as result, regardlessly of the engine operating
conditions. This is owing to the dualism of the residual
gas, i.e. combustion promotion action as heat energy
potential and the inhibitory action as the inert gas. Both
action should balance for the two-stroke gas exchanging
method for controlling auto-Ignition.
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Fig. 1 Overview of the experimental engine B
Table 1 Principal specifications of the Experimental
Engines
Specifications Engine A Engine B
Bore x Stroke 68mm x 68.8mm | 80mm x 80mm
Displacement 249.9cm?® 402cm?
Compression ratio
(Trapped) 72 6.3
Compression ratio
(Geometric) 124 105
Exhaust opening 194deg.C.A. 188deg.C.A.
duration
Exhaust opening area 2437cm? deg 2159cm? deg
dsca"?”g'”g opening 130deg.C.A. 113deg.C.A.
uration
Scavenging opening 1712cm2deg. | 1449cm? deg.
area
Charge means for PDI Air pump In-cylinder gas
Exhaust opening rate 100%—5% 100%—5%
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ABSTRACT

Development of the 1kW-class inverter unit with a
small engine generator that conforms to “Guideline of
the interconnection technology requirements” has
succeeded. To connect distributed sources such as wind
power generation, photovoltaic generation, or
cogeneration to the utility grid, it is necessary to detect
demand-side problems including the distributed sources
(short circuit, ground fault, troubles in generated voltage
or frequency) and to detect problems in the grid (power
failure and troubles of voltage or frequency). It is also
necessary to protect both electric power systems and
distributed sources and electrical appliances. The inverter
unit uses two types of islanding detection method that
is passive one and active one. Total distortion factor is
reduced to less than 1% by applying two kinds of input
current to the power supply unit. Efficiency of the
interconnection inverter unit has been achieved 91% and
total efficiency of power generation of the cogeneration
unit has been achieved 20%.
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Table 1

gooo

Specifications

Type of inverter

Self-exciting and voltage type
power current control system

Type of switch control

PWM

Type of insulation

Non-insulating non-transformer type

Rated capacity

1.0kW

Type of interconnection

Single-phase three-line

Rated voltage

AC 202V (AC101V two-phase)

Rated frequency

50/60Hz

Output power factor

Over 0.95

Total output current
distortion

Under 5 %

Type of electric power
controlling system

Regulating output electric power

Protective measures

Over voltage protection
Under voltage protection
Over frequency protection

Under frequency protection
DC injection protection

Type of anti-islanding
protection

Passive: Detecting saltatorial drift
of voltage phase

Active: Phase shifting system

Type of Restraining power
output

Effective power controlling system

Inverter unit

Fig. 2

uobooobooodon

41. 0000000000000

gbobobooboobobobobooo
gbobooooooobooboobo

oooooobboooboo0 et 00bbOOoOobOOo
goboooooooboobmoooooboobobooooboon
gboooooobooobooboboooo

goobooboobobooboobobooobobooon
O0OTable2 ODOOO

gbooooogoo
gboboobobobobobobobooooooon
gobooboobooboobooboobooboon
gbobobobobooooooooobobobobo
gboboboobooboooboooobobobobooo
gbobgobobobooooooooobobobobo
gbobooooobobobooobooobog

| | I L |
| i Output
- LC  [—Noise[— = " —Flectric|] Utility grid
| Smoothing filter —— filter — Connection fuse I 16 3W
: . capacitor relay .
Generator ! Thyristor DC 400V _IGBT | 101/202V
3¢4400Vrms | | | | bridge circuit [ I [ bridge circuit i
300Hz i S5
(2000rpm) I Preamplifier DC injection Vac 400Vd !
. or i i [
I driving IGBT detlectlon detection — Power
. 2 ac Frequency | supply
| detection detection DC |,
i +15v[ !
. |
| Engine-speed
: 4 detection Idc I
| detection |y
..... _I || Engine
: 3 3 3 v 3 | |component
. ! valve
| 32bit | motor
| RISC |
| CPU P d - o
! Sig:gs;;a Control circuit and Protect circuit | Tank
I Serial Serial M :
erial erial : i
I communication1 |communication2 [Pulse signal of | dissjggrigcf:t
[ RS232C RS232C | engine speed i
e ____C__ ..... D__ _______________________________
Signal data Signal data Pulse signal
to ECU to monitoring to ECU
for engine control computer for engine control

Fig. 1

Control system diagram

0 146 0



gobobobooooobooog

Table 2 Guideline for utility-interconnection

Test term

Benchmark

Action

Protect level

Operating time

Action after a utility
disturbance

Over current

Disconnect from a

Setting level =£0.2% Max.

Setting level is below

0.5 sec Max.

protection. utility grid. 150% of rated current
Over/Under DC Disconnect from a —5% Min. +5% Max.
. o . . . 0.5 sec Max. -
current protection. utility grid. against working voltage.
Detecting DC Disconnect from a 1% Max. against rated
e - - 0.5 sec Max. -
injection. utility grid. AC current.
Over/Under AC Disconnect from a Setting level Settm.g time Do not reconnect after a
voltage p - o/ i o —0.1sec Min. +0.1sec h
’ utility grid. —0.2% Min. +0.2% Max. period.
protection. Max.
Over/Under Disconnect from a Setting level Settm_g time Do not reconnect after a
frequency o . . —0.1sec Min. +0.1sec .
) utility grid. —0.1Hz Min. +0.1Hz Max. period.
protection. Max.

Active detecting
islanding.

Disconnect from a
utility grid.

0.5sec Min. 1sec Max.

Do not reconnect after a
period.

Passive detecting
islanding.

Disconnect from a
utility grid.

0.5 sec Max.

Do not reconnect after a
period.

Blocking after a
utility disturbance - -
in a period.

Do not reconnect after a
period.

Detecting
istantaneous over
voltage.

Disconnect from a
utility grid.

Setting level
—5% Min. +5% Max.
Only 135V Max.

1 sec Max. -

Restraining power
output under 107V
when working
voltage is 100V.

Restraining rising
output voltage
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ABSTRACT

The mechanism of generation of noise was analyzed
and research on noise reduction was conducted in pinion
shift-type starters for idle stop systems. Both pinion shift
noise and cranking noise are components of the noise
generated during engine start; vehicle tests demonstrated
that cranking noise is produced for a longer period and
causes greater discomfort to driver and passengers, and
countermeasures were therefore devised against this form
of noise. Bench tests revealed that gear whine was a
more significant factor in cranking noise than gear rattle,
and countermeasures therefore targeted this source of
noise. The spur gears conventionally used in pinion shift-
type starters were replaced by helical gears and the
contact ratio was increased, reducing noise by 7dB.
When establishing gear specifications, analyses of stress
in the sections making contact were conducted to enable
judgment of the ease with which damage occurs to gear
end faces during pinion gear shifting. The relation
between angle and stroke of the pinion gears during
shifting was optimized to achieve superior shift
performance.
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Table 1 Gear specifications
ltem Total cgntact Normal :negzll)é CV?IE;Ct
ratio module
(deg.) (mm)
Spur gear 1.09 2.54 0 9
1.25 25 4 9
1.45 2.25 12 9
1.80 2.25 28 9
1.84 2 20 9
1.91 1.75 20 9
Helical 1.97 2 28 9
gear 2.33 2 20 18.7
2.39 2.25 28 18.7
2.45 1.75 20 18.7
2.64 2 28 18.7
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3.62 1.5 36 18.7
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gear gear | gear gear
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Waviness of
Involute | ofile 92 | 196 | 16 1
Tip relief 8.6 4.3 7 8.1
Profile slope
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Helix slope
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ABSTRACT

In computer simulation method for motorcycle rider
motion in collision of motorcycle to car, we have
validated the computer simulation results in two cases
in which a motorcycle runs into a running car side with
45 degree and 90 degree angles. The simulation software
of explicit finite element method (FEM) has been used,
because of its capability for expressing accurate shape
and deformation. The mesh size was determined by
considering a simulation accuracy and a calculation time,
and FEM model of a motorcycle, an air bag, a dummy,
a helmet and a passenger car were built. To shorten
calculation times, a rigid body was adopted to a part of
the model and contact regions were limited. As the
results, higher accuracy of head speed and posture at the
ground contact of dummy was obtained in simulations
of the two cases this time. Calculation time of the two
cases was about 50 hours with the computer of
14.4Gflops.
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ABSTRACT

The paper presents new Object Oriented Formulation
of the FE algorithm that encompasses traditional FE,
Super Element, experimental data and rigid body
mechanics in a single calculation environment. The new
formulation is implemented in a software for dynamic
crash simulation of an arbitrary 3D frame structure
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theoretical part is followed by the discussion of
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Micro-slip motion occurs in the metal contact
surfaces around the hub bearings of the driven wheels
when automotive driving torque is applied. A stick-slip
noise can accompany this slip motion. Analysis of the
occurrence of stick-slip has shown that it is caused by
a combination of factors. The research described in this
paper has discovered previously unknown causes. Excess
insertion load or axial force causes non-uniform strain
in the bearing inner race; this strain builds up even after
the load is released. Changes occur in the lubrication
conditions of the press-fit face of the hub and the bearing
inner race with varying insertion speed and humidity
conditions, leading to the generation of excess insertion
load. An effective method for prevention of stick-slip is
proposed on the basis of this analysis.
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ABSTRACT

This paper describes a method for prediction of
automotive sound package acoustical characteristics. This
method is based on the transfer matrix approach and is
applied to calculate the TL and absorption of multi-
layered insulation components from the acoustical
impedance of each layer. The predicted results are
necessary as fundamental input parameters of SEA
vehicle models. The accuracy of this method was
verified by comparing the predicted TL and absorption
values of trimmed components with measurement results.
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ABSTRACT

A CAE technology which can be applied from the
concept stage of BIW in the design of lightweight, high-
performance vehicle bodies was developed. This
technology formulates an FE model from design lines
and frame cross-sections, and enables analysis of body
performance using the frame performance indicators
static characteristics, dynamic characteristics and side
collision characteristics. Because this technology does
not require CAD diagrams, designers can quickly employ
numerous ideas and images in FE models and utilize
CAE to predict performance, enabling the creation of
new frame structures. Comparison of analysis results
with conventional high-accuracy large-scale models has
confirmed correlativity between the methods, and
verified that it is possible to predict performance from
the concept stage of BIW using the new technology. This
paper discusses the application of CAE at the concept
stage of BIW to examine frame structure and predict
performance when altering the design of a vehicle.
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Analysis of Suspension Characteristics Considering the Elastic Deformation of Parts
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ABSTRACT

Taking the elastic deformation of parts into account
in calculations to simulate the characteristics of
suspension alignment was confirmed to improve
prediction accuracy. Taking the elastic deformation of
the main elements of the overall suspension, the sub-
frame, and the body into account made it possible to
accurately determine the side force compliance at the tire
contact point with the ground, and also to clarify the
contribution made by each of those parts. Development
of an elastic body modeling method that accounts for
significant deformation made it possible to improve the
accuracy of alignment prediction, even in parts such as
the twist beam axle that undergo significant deformation.
Software was developed to assist with design analysis
so that these prediction methods could be utilized in
practical design work.
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ABSTRACT

A coupled simulation using concurrent execution of
mechanical and control simulations was developed and
applied to prediction of vehicle behavior while under
mechanical control. Also, a technique for automatic
generation of real-time programs based on mechanical
models applicable to HIL simulators, which require real-
time executable calculations, was developed. This greatly
eased accounting for the influence of vehicle body
mechanisms in the behavior of suspensions and other
systems. Thus, it is now possible to carry out ‘paper
experimental tries” and HIL simulator tries of simulations
of full vehicle behavior under control by systems such
as EPS or VSA. Formerly difficult predictions of vehicle
behavior due to steering wheel torque or in non-linear
regions have become possible.
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Table 1 Elapsed times for 5 second slalom

simulation

Fixed time step Variable time step

Model| Number of bush | Sample time [sec] |Elapsed time [sec]| Elapsed time [sec]

A 5 0.0005 343.51 401.17
B 7 0.00025 604.06 326.22
C 30 0.00004 1962 488.54
D 63 2.00E-07 ©o 662.42
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ABSTRACT

A carbon fiber-reinforced plastic (CFRP) hood and
rear spoiler were developed to achieve weight reduction
in vehicle body parts. In addition to its low weight,
CFRP has the high degree of freedom which is the
molding characteristic of polymer materials. It has
therefore been possible to integrate undercut areas with
sections in which plate thickness varies to achieve the
required functional characteristics with no increase in
weight. Utilizing CFRP instead of aluminum for the
hood has enabled integral molding of aerodynamic air
ducts, and bonding of the skin and frame with adhesive
joints has increased the section modulus of the entire
hood, making it approximately 30% lighter. Forming the
rear spoiler from CFRP rather than sheet molding
compounds (SMC) has enabled the undercut section,
composed of numerous curved surfaces, to be monolithic
constructional molding without the necessity of joining
separate parts. Thus, a reduction in weight of
approximately 40% against the 93 model has been
achieved, despite the increase in size.
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High-Scratch Resistant Polypropylene for
Instrument Panels

Bryan CERRAF Corey MCENHILLE®

ABSTRACT

In an effort to reduce cost and foster an all-olefin
material direction, a polypropylene material has been
developed to perform without paint in applications
traditionally requiring paint. An existing instrument
panel polypropylene’s scratch resistance has been
enhanced by talc encapsulation, increased surface
lubricity and reduced talc particle size. The additive
loadings and types were balanced with physical property
performance and material cost. Mold flow analysis and
a sequential valve gate molding process were used to
optimize the part appearance. The result is an impact-
modified polypropylene with scratch characteristics
equivalent to painted polypropylene with a minimal cost
increase.
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1. Introduction

Injection-molded polymers are the preferred
construction for most interior parts. Instrument panels,
however, have traditionally used skins or paints to cover
their injection-molded retainers in order to meet quality
expectations (scratch resistance, weld lines, etc.). In
response to cost and weight reduction initiatives, the skin
construction has given way to a painted polymer
construction. The use of semi-crystalline polymers has
made this construction expensive because special paint
formulations are required to meet the instrument panel
quality expectations. These circumstances have created
an opportunity to reduce cost by eliminating paint. This
opportunity has been successfully seized on small
segment vehicles in the European and Japanese markets.
However, seizing opportunities on full-size vehicles is
more difficult due to the higher quality expectations.

Thus the goal was to develop a polypropylene that
does not require paint to meet full-size vehicle quality
expectations without increasing the polymer’s cost.

Injection-molded instrument panels are generally one-
piece designs, however, some models use multi-piece
designs that provide an opportunity to remove paint

0 Honda R&D Americas, Inc.
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selectively. Removing the paint from vertically oriented
parts and not the horizontally oriented parts prevented
the material from being subject to veiling glare
requirements. Thus, the objectives became, in order of
priority: scratch resistance, mold shrinkage, physical
properties, molded-part appearance and cost.

2. Methodology

The primary concern with mold-in-color applications
is scratch resistance. Paint prevents the base material
from being scratched and increases the scratch resistance
of the construction. To increase the scratch resistance
of the substrate material to a level that does not require
paint, two methods were considered; decreasing the size
of the scratch and hiding the scratch . Increasing the
hardness and surface lubricity will decrease the size of
the scratch. However, increasing the material’s hardness
was found to diminish the overall quality and increase
the cost without a significant improvement in scratch
resistance and was therefore abandoned. Encapsulating
the talc, reducing the talc particle size and optimizing
the talc’s adhesion within the polymer matrix helps to
hide the scratch. The final strategy was to hide the
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scratch as mentioned above and decrease the scratch size
by increased surface lubricity.

The mechanism of scratching a polymer was
analyzed. This analysis determined how to
characterize a material’s scratch susceptibility,
provided an approach to additive selection and
identified appropriate scratch test equipment. The
depth and color of the scratch were used for
characterization and two pieces of test equipment
were used; the Taber scratch machine (Fig. 1) and the
Five-finger scratch machine (Fig. 2).

Fig. 1 Taber scratch machine

Fig. 2 Five-finger scratch machine

Exposed talc and titanium dioxide (TiO,) are the
primary contributors to the white appearance.
Encapsulating the talc and increasing the interfacial bond
strength between the talc and the polymer, minimize the
white appearance. Optimizing the dispersion prevents
significant exposure of the TiO, (Fig. 3).

v Expose TiO,

PP matrix > 0 ® P ®'® I
Talc\_> ® | ! ® . @ | !
EPR\). @ | @ ® [ J

Expose talc
Stress mark

Conventional I/P polypropylene

PP & talc bond
TiO, dispersion

Scratch additive
PP matrix
Encapsulated
talc

EPR

New material
Fig. 3 Scratch mechanism
Optimizing the molding process and the gate

configuration was intended to minimize appearance
defects (weld lines, flow marks, etc.).

3. Results

The scratch was characterized by whitening @. That
is, the depth of a scratch is intrinsic to the polymer
family and not the grade. This ideology coincides with
our conclusion to not increase the material’s hardness.

To create the final formulation, several additives and
additive combinations were considered. Additives A
through E were evaluated as well as pigment-dispersing
agents and talc. Additive A successfully increased the
surface lubricity, however it also increased the cost,
decreased the molded-part appearance and decreased the
flexural modulus. Additive B strengthened the
polypropylene’s bond to the talc, which minimized the
talc’s contribution to a white appearance after being
scratched. A loading range of 1.2 — 2.0% was optimum
for maintaining the molded-part appearance and
increasing the scratch resistance (Fig. 4).

20 7
g 17.5 :
3 15
| |
§ 125 _>—
k2] -
(7] 10 n
& = Tiger striping
< 75 ]
IS n
ol 5 =
[8) [ ]
® 25 =
0~ T T T ! T
0 0.6 1.2 1.8 2.4 3

Additive B (%)

Fig. 4 Scratch resistance vs. additive B (with D)

Additive C aided surface lubricity but increased our
haze percentage beyond the maximum value that meets
the fogging target and was canceled. However, additive
D increased the surface lubricity while having a lesser
effect on the fogging level (Fig. 5).

Haze (%)

Over the target

0 - T T T T 1
0 0.2 0.4 0.6 0.8 1

Additive D (%)

Fig. 5 Fogging vs. additive D
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A loading range of 0.2 — 0.5% of additive D is
sufficient to optimize scratch resistance and fogging
performance (Fig. 6).

20
217.5
o 15
2
g 125
Q
2 10
o
= 75
[&]

T 5
O
%))

n
o

O I I I I I
0 0.2 0.4 0.6 0.8 1

Additive D (%)

Fig. 6 Scratch resistance vs. additive D

Additive E increased the material’s crystallinity and
minimized the amount of whitening caused by stress.
However, Additive E does affect the physical properties

(Fig. 7).
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Fig. 7 Scratch resistance vs. additive E (with B & D)

A loading range of 0.2 — 0.5% of additive E is
optimum for meeting the flexural modulus target while
maximizing the scratch resistance (Fig. 8).

2.8E+03 "
= 2'7E+03M
e
< 26E+03 -
~ | |
S 2.5E+03 '= .
=}
B 2.4E+03 5
= "  Lower than the
T 206403 - target
g 2.2E+03 -
E | |
2.1E+03 -
2.0E+03 - T T = T l
0 0.2 0.4 0.6 0.8 1

Additive E (%)

Fig. 8 Flexural modulus vs. additive E (with B & D)

Of the target colors, Fern (G59L) and not gray
(NH361L), exhibited the most whitening when scratched.
Light colors, such as Fern, contain more TiO, than dark
colors and thus have a higher probability to whiten when
scratched. The primary causes are poor dispersion of the
TiO, and the talc particle size. Therefore, the
magnesium stearate pigment-dispersing agent was
replaced with a more effective high-density polyethylene
pigment-dispersing agent. The monomer molecular
weight was reduced by 96%. Additionally, the talc
particle size was reduced from 7mm to 2mm. These
changes improved the Fern’s scratch resistance from 13N
to 17N and did not adversely affect physical
performance.

Table 1 summarizes the final formulation.

Table 1 New material formulation consideration
Constituent Description Benefit Limitation
Additive A Siloxane Increases surface lubricity Increased cost, reduced physical properties &
poor appearance
Additive B Grafted polyolefin | Talc bonding (+6N) >2% loading yields tiger stripes
Additive C Fatty acid amide | Increases surface lubricity Increased cost and poor fogging
Additive D Fatty acid amide | Increases surface lubricity (+2N) Incrgased cost and >0.5% loading yields NG
fogging values
— - - S - -
Additive E Petroleum resin Maintain physical propertles and >0.5% loading yields NG flexural modulus
reduces stress whitening (+2N) values
Dispersion . Improved dispersion of TiO, and
Agent Polyolefin additives (+1N) None forseen
Talc Reduceq particle | Minimizes the potential for talc >70% reduction affects physical properties
size exposure (+3N)

The aforementioned formulation yields a Five-finger scratch performance improvement of 3N to 17N over
convention polypropylene as depicted in figures 9 and 10 respectively.
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Fig. 9 Conventional TPO
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Fig. 10 New material

While realizing the scratch resistance improvement,
the target physical properties were maintained (Table 2).

Table 2 Key physical properties

. Honda I/P New
Property Units target material

1zod Impact
Strength (-30,C) | J/m 44 45
Tensile Strength Mpa 23 23
Flexural Modulus | MPa 2780 2700
HDT (0.45MPa) °C 131 131
Density 1.06 1.06
Scratch
Resistance 9 200 800
Fogging % 4.2 4.1

4. Part Performance

4.1. Molded-part Appearance

The molded-part appearance of the conventional
polypropylene and the new scratch-resistant
polypropylene were evaluated using a mass production
Side Sill Garnish tool. An injection machine capable of
sequential valve gating was selected to take advantage
of the latest technology. A mold-flow analysis was used
to optimize gate design and locations for the final tool.
The straight black lines in figures 11 and 12 indicate
weld line locations. The initial 10 X 1.5mm fan gate
design resulted in three weld lines (Fig. 11).

2582
2278
1993
1708

1424
1138

D Bs4E

Fig. 11 One 10 x 1.5mm fan gate

The final gate arrangement consisted of an 8mm bore
channel, one 10 x 1.5 fan gate and three 5 X 1.5mm
valve gates (Fig. 12).

y

Fig. 12 One 10 x 1.5mm fan gate and three 5 x 1.5
valve gates

This arrangement resulted in two weld lines placed
in the least observable regions. A melt temperature of
210°C and mold temperature of 60°C were found to be
acceptable. Additionally, fill time, cavity pressure, and
feed configuration were optimized to minimize the weld
line’s appearance and control their positions (Fig. 13).

Fig. 13 Mass-production tool without grain
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The mass production tool was not grained before
development was scheduled to finish and the Side Sill
Garnish grain was not deep enough to predict weld line
appearance in an instrument panel grain (H-280C; 80m).
In order to make this prediction in time for mass
production, a weld line was introduced into a plaque
having the H-280C grain on one side and no grain on
the other. The weld line on the non-grained plaque was
matched to weld line on the non-grained injection-
molded parts. The weld line on the flip side of the
plaque with the H-280C grain was used to predict the
appearance on grained parts. As predicted, the mass
production part meets all the appearance requirements.
(Fig. 14).

Fig. 14 Mass-production part with grain

The appearance of weld lines in the new material is
no more noticeable than that of the conventional
material. Therefore, the new material obeys the standard
theory that deep, animal-like grains will make weld lines

The tiger stripe appearance was removed by
eliminating an additive that was incompatible with the
polypropylene (Additive A), implementing sequential-
valve gate molding and optimizing the mold temperature.

The new material can be painted using Honda’s
solvent or water-based paint systems at recommended
bake conditions for low-gloss Honda colors ©*

4.2. Part Testing and Application

The physical properties of the new material matched
those of materials that have met our cold-impact and
thermal cycle requirements using similar designs. Once
the formulation was stable enough, parts were molded
and then evaluated for cold-impact and thermal cycle
performance.

The parts molded in the mass production tool
performed as expected in the instrument panel assembly;
passing the cold-impact and thermal cycle requirements.
A nominal wall thickness of 2.5 mm was sufficient for
this material to meet the aforementioned standards. This
material has been applied to the Honda Pilot’s mid panel
parts (Fig. 15, 16).

Fig. 15 DR Mid Panel

Fig. 16 AS Mid Panel

5. Conclusion

Through formulation optimization a high-scratch
resistant polypropylene material for instrument panels
has been developed.

(1) Impact-modified polypropylene’s scratch resistance
improved from 3N to 17N.

(2) The per/pound cost was not increased.

(3) The molding characteristics were not adversely
affected.

(4) The physical property performance was not adversely
affected.

(5) The part performance was not adversely affected.

(6) The part cost was reduced by 80% (S9VA AS/DR Mid
Panels; figure 14 and figure 15).

The next generation of this material will be
engineered to meet instrument panel veiling glare and
visual feeling targets.

6. Acknowledgments

We appreciate the efforts of Color & Composite
Technologies and Greenville Technologies.

7. References

(1) Sakumoto, S.: Advanced and improved Scratch
Technologies for Molded-in-color Polypropylene
Interior Parts, ITB Automotive Interiors 2002, March,
2002.

(2) Wolske, K., Anthony, K., Pollo, M., Tan, F., and Taylor,
S.: Effect of Composition on the Scratch Resistance of
Filled TPOs, SPE Automotive Global TPO Conference
2001, October, 2001.

(3) Kamei, S.: Innovative Thermoplastic Paint Process,
SAE Paper 2001-01-0360, March, 2001.

0 2190



Honda R&D Technical Review Vol.15 No.1 (April 2003)

Bryan Cerra Corey McEnhill

0 2200



g

Joogtdootgtdbbodgtdbbottdbootgd

Development of Lead Free E-coating with Low Cost Anti-rust Pigments
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ABSTRACT

A new electrocoating has been developed as part of
the ongoing efforts to move towards the use of lead-free
cationic electrocoatings as auto body primers. The new
e-coat dispels concerns such as increased cost and
inferior rust protection due to the absence of lead, and
will be able to be easily introduced to automotive
production lines. Several technologies were necessary for
this development: new corrosion inhibitors, essential for
rust protection; improvement of the perfomance of the
base resin of the paint film; methods to control the
viscosity of the deposited film in order to prevent
deterioration of the workability and the appearance of the
paint; and optimization of pigment mixture to control
costs.
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ABSTRACT

To expand the scope of parts in which recycled
bumper materials can be used, methods were developed
to modify the properties of the materials to enable
adaptation to the requirements demanded in the
individual parts. The parts targeted in the research were
1) Aerial under cover; 2) Side spacer; 3) Evaporator
case; 4) Rear shelf; and 5) Floor carpet. The following
methods were used to modify the properties of the
material for the respective parts: 1) Fluidity was
improved through addition of constituents with low
molecular weight; 2) Flexural strength was improved by
addition of constituents to chemically bond filler and
matrix resin; 3) Shrinkage performance was improved
and flexural modulus was increased by addition of filler
and resin with high flexural modulus; 4) Flexural
modulus was increased by addition of filler; 5) Tensile
elongation was improved by addition of an elastomer
compatibilizer. In each case, these methods enabled the
use of recycled materials at an equivalent cost to virgin
materials.

gooogd

gbobobobobooboooboobooobooboobooon
gboobobob 2001 000000000000000O
goooogn sso gobooooooooooboo

gboboboooooboobobobooooseeboon
gboboooooooboboboboboboooboooo
gbooboboooboobooboobobooo

Honda 000000000 O0OOOODOOOOOOCOOO
oooo0ooooooOooOoooe"goooooooooo
gooooooooooooooooooobomoboo
gbooomoooooooooooooboobobooooboon

gooooo

gooobbobooooooobbobooooooobooboog
000" Honda OOOOOOODOODODOOO 1995 OO
0 585 0002001 000 1186 JOO0OODODOOOOOO
gbooboobobobooboobooboooooooooon
gboboboboobooooooooboboboono
gboobooooobobobooboogn

goobogooo

gbobooboboobooboooooooooobooobon

gooobbobooooooobobooooooboobobooo
goooboooooooboooooooooooboooooog

0 2270



Honda R&D Technical Review

Vol.15 No.1 (April 2003)

goboboooooooboooboooooooboooooo
gobobooooooooooooooooboboobooooon
gbooobooobooboobooboobooboon

gbobooooooobobsbobooooooon
gbobooobooobobobobobobooboooo
gboobooooooobobobobobobooboooo
gbobobooboobooboobobobooo

goooboooooboooooboooooobooo
gboboooobooobobobobobobooboooo
gboboboboooood

goboodobooobboooboboaon

3.1. 0000000000
gboboooooobooboboboboboooooog
gomoooo
gbobobobobobooboboboooobogn
gboboboboboboboboboboobogoon
gbobobobobobobobobobooboob
gboboboboboboboboboooobooon
gbobobobobobobobobobooban
gboboboboobooboobooboobooooogon
goboooboooboooboobooboboooobo
gomoooo
gboboboobooboboobobooboooobogn
gbob0oopy mOOOOOoDOODOOOOOOOO
gbobobobobobobobobobooobogaon
gboboboboboboboboboboobgoo
gbobobobobobobobobobooogan
gboboooooboobobobooooog
gbomoo
goobooboobooboobooboooboobooooogoon
gbobobobooboobooooobooobooooooon
gbobobobobobobobobooboobgoo
gbobobobobobobogobobooooboon
oboobooooobooboboboooogoo
gboboboboooboooooooobooobooobooon
gooooooooobooboboboboboboooog
gobobboomomuoooooooooooooooob
gooboboboboooooooboboboobo

Table 1

320b00b0ooooodg
00@MOooO000oooooo Fg1 OODDODOO
goboobooooobobooobooboobbiodd
goooboobooooooobbooooooboboooooog
gobooboooboooobooooboooboooooooboaoon

Virgin bumper material

— — — —Recycled bumper material

Melt flow rate

Izod impact Flexural strength

Tensile
elongation

Flexural modulus

Shrinkage
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and recycled bumper material
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