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ABSTRACT

The new model INSIGHT was developed based on
the key concept - “A Compact Car Standard for the Next
Generation.” During the development, the aims for the
new INSIGHT were to achieve good fuel economy and
low exhaust emissions in a compact class car, and to be
used by even more customers.

The exterior design theme is that of an “Aero
Athlete,” and aims for not only an advanced style, but
also a running form backed up by proven aerodynamic
performance.

The interior design theme is that of an “Emotional
Hybrid Interior” that fuses the fun of driving a car with
the advanced, futuristic feeling of a hybrid car.
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Interior and material colors
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Development of CITY aimed at Advanced Proud Sedan
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ABSTRACT

The CITY was developed with the aim of setting a
new standard for small sedans that are in high demand,
particularly in emerging countries.

The concept during the development process was to
create an automobile that purchasing customers could
take pride in owning and also be proud of themselves.

One aspect of building a small sedan is that it is
based on an earlier hatchback model, and the CITY was
similarly based on the 2008 model year FIT (JAZZ).

All aspects of the CITY small sedan were developed
toward achieving the concept of an Advanced Proud
Sedan, and the results have been favorably received in
every country where it is sold. An automobile that
delights customers around the world has been created.
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Table 1 3 dimensions and wheelbase

Previous CITY

FIT JAZZ)O
2008 year model

Newly developed(
CITY

Overall length (mm) 4390

4395 3900

Overall width (mm) 1690

1695 1695

Overall height (mm) 1485

1470 1525

Wheelbase (mm) 2450

2550 2500
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Fig. 4 Side styling : Solid and imposing design
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Fig. 5 Front styling : Powerful, forward-thrusting,
front-end design
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sporty tail design
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firm rear wheel arch

Fig. 6 Rear styling : Sharp rear-end design
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Fig. 7 Acceleration rate : Powerful Accelerations

15Li-VTEC |— 1.8Li-VTEC |—

+37

-69

(592) +50

Red letter : Difference from 1.5L engine

Fig. 8 Engine size comparison

god



Honda R&D Technical Review

Vol.21 No.2 (October 2009)

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000

0 Fig. 1000

44. 000000000DO0OOOOOODO

gobobooboboboboooboooooooooon
gooooobooooooobooooooooooboooooo
gbobobooboooooobobobob 2immOoQ
9mm 0000000 O0O0OOOOOOOOOOO0OO0
gboboooooooobobobobobooooo
gboboboobomobobooboboboooooo

gobooboooboooooooboobooooooboooboooog
goobobobooboboboboooboobooboobo

45. 0000000000

gbooboobobobobooboooooooooboon
gobobooooooooooboooooooboboooooo
0O Fig.11 OOOO

46.00000

gooboobooboboboobooooooooooo
goboobooooooooooboooooooooboobooooo
obobooogoog

gboobooboboboboobooooooooobon

Steering system(]
; Driving position[]
« Steering shaft

Wheel basel]

; Length increased 50 mm(]
» Exhaust pipel]

Exhaust system(]
; Rear overhangl
« Silencer

* Brake pipe]
« Fuel pipe

[] Exclusive design
|:| Exclusive tuning

Front suspensiond Mount system[] Rear suspension[]
* SpringQd * Transmission mount * Spring
* Damper(] * Damper
* Front stabilizer
Fig. 10 Chassis platform for 1.5L
( 7\
3
Base model
. J/
4 N\
Difference for wheelbase| Difference for rear overhang
3 CITY (15L)
& J
( N\
Difference for engine model
CITY (1.8L)
J

Fig. 11 Exhaust system comparison

gi1o0



Advanced Proud SedanO0 0000 CITydo O d

Fig. 12 Body rear bulkhead

oboboooobooooomooobooooomooo
0000000Doo0oD00000MFg. 12000000
gbobogobooobooboooboooobooboboboono
ogooooboobooooooooboooooobboobooooo
gboboboooooboobobobooooog

goboooobooboodon

51. 000000000

goboboboboboboboboboooboooo
ogboboobooboooboooboooobooboboboono
obobooboooooooboooobooboboboono
gbobooooboobobobooooon

5200000000000

goobobobobooboobooooooooobooo
O00MFg.3MODOOO0OO0O0O0O0O0OODOOOOOO
goooboobooooooboobooooooobobobooooog
gboboobooooooobooooboobobobonoo
oooo

gooooooobbbboooooooooooo
gbogoboobooboobooboobobboobogn
gbobooooogoog

gogboboobobooboobboobbooboon
obo0O0o00o0obo0oDooOooobooooDOoDMmFig.
H“Oofdofdoooooobobobobobooooogoon
gbobooooooobogo

53.000000000

gogbobooboboooboobboobobooboog
gbobooboooobooooooobooboboboonoo
gogbbooobooobbooobooobboobo
OO0oo00O0o0oO0oDOO0OOMmFg. 1500

gocityoo 2smmdO0oooooboooogonogon
gbobooboooooooboooobooboboboono
0000000000 @mMFg. 160 0000000DODODO
gooooboooooooboboooooooboobooooo
ggbodgobuooboooboobuoobobuooboo
goooboo

gbooobboobooboooboooooooocaTtyn

Fig. 13 Interior styling 1

Fig. 14 Meters : Advanced meter design

0110



Honda R&D Technical Review

Vol.21 No.2 (October 2009)

gbobooooobooobobobobobobooboooo
gboboooooooboobobooboboboooooo
gboboooboooooboboboboboboboooo
goboooooooooooboooooobobooobooooo

Fig. 15 Interior styling 2

900 |
Newly developed [
CITY

E Previous CITY *
c [ ]
| e s
2 o
8
(%]
5 o .
£ o
g 700 Q
2 | Compact sedan r
@
= | Small sedan |

600

2400 2500 2600 2700

Wheelbase (mm)

Fig. 16 Tandem distance

60/40 folding seatback

Under-seat tray

gbobooooobooobobobobobobooboooo
good
gbobooboboboboooboooooooooboon
goobooooooobobobobobobooboooo
00o0000oQoOoOooooOoOoOmFg. 17

54. 0000000

gooooooboboobbbobooooooooooo
gbobooooooobooboboboboboboooo
00000 Fg. 18 O0000O0O00DOOO0ODODOO
gbobobooooobogseeLobgboobooooon
goboboooooooboobobooboboboboooog
gooood

55.NvV OO
goooboobooobooboogNOboboobooogoo
gbobooooobooboooboooobooboboboonoo
gbooboooogo
lsLooogbooboobooboobooooooobobo
gbobooogoog
gbooboobobobobooboooooooooboaon
goooboooboooobooboobooboobogo
goboboooooooooooobooooooboooooon
gooboooooooboobobobobobooooog
gboobooboob
goooobobooboobbooooooooooooo
gboboooooooboboboboboboooboooo
gobobooooboooobooboboooo

Fold down

Fig. 17 Rear seat and under-seat tray

0120



Advanced Proud SedanO0 0000 CITydo O d

With 5 passengers on board(]

Mid-sized suitcases x 3 Small-sized suitcases x 4

=

A K

Baby stroller (type A)O Cooler box

7

F

9-inch golf bags x 4

-

MY
=7

o

Shopping bagsO

Fig. 18 Trunk room

gooogooo

cmyooooobooboobooobooboobog
oboboobooooooobobooboboboobooog
ooo
gooooobobbboboooooooooooooobobo
gboboobooooboooboobooboboboboonoo
gooooooooooobooboooooboooboooog
gooo
gboboboboboobboobooooooooooo
gbobooboooooooboobooboboboboooo
gbobood
gboboboboobooboooobooooooooobooon
gboboooooobod
goocTyboooooooooooobooobooo
gooooooooooooooooomob bMmPO O

Sound quality[l Easy operation[] Smart storagel]

omoobooobooooobooobooobooboobog
goboobobooooooobooooooobobooboooo
gooobo

gbooboobooboboooa

goooooocarybogboobooboobogobo
gooboooooooobobobooooooboboooooo
goooboboooooooboooooooboobooooo
goobobooocaryboboooooooobooboo
ogboboboooobooooboobo
obooobboobobooboooimbINDODODbOoonbog
gbobobobobobobobobobobob
gooooooboobobobboooboooooooo
gbobobobobobobobobobobon
oo

Stylingd

High-performanceld

-
Optionall¥

DSP equalizerd

USBO
memory

amplifierd

Cd
Portablel

RUAR player:

Tuner

USB Y e

Mabileld
- with MP3

MP30
player:

Direct control

Fig. 19 Audio concept

0130



Honda R&D Technical Review

Vol.21 No.2 (October 2009)

gboobdobob bMP ODOobDOoboOoOoOoOOn
gocrTyooooooooooooobooboooboo
gbobobobobobobobobobooboan
ooo
gooooooocaTyooooooooooooDbMP
goboboooooooboobobobobobooooo
gboboooooboon
gooooobo bMP ODOODOOOODO
gbooboboboboooooooboboobo
gboobobobooooooobob
gbobooboobooboobooooboooooooooboooo
goooo
gbooboooooo
goocobooopooobooobooobooobn
goooooooooooooooooooooonoFg.
1o 000o0oooooooon
gbooboobobobobooooobooooboooboon
obobomoboboboooooobobomoobooo
gboboooooobooboboooo

7.1. 0000000
DMPOUOOOOODOOOOOODOOOOOODOOOO
gbobooooooobobobobobobooboooo
0000000oDo0o0000Fg. 200 0000O00Qg
gbobobooobooboobobobooooon
gboobobobobobooboooooooboooboan
g DSP- DObOOobooooooobobomoooogn
goooooooooomooooooooooboooooo
gbobooooooboooooooboooboomMP3gO
gbooooboobobooboooobomMmPh OOOoOOO
gboboooooonDog
gbobooboboboboooooooooooboon
gboboooooooboboboboobooooooon
gboboboboooooooboon

72.DMPOOOODOODO

DvMPO OOOOODOOODLOOOOOOOOOOOOOO
gboobooobooboobooooobvPObDObDOO
gbobooooooboobooboobobobobooboo
gboboooooooboboboboboboooooo
gbooboooboobvPObOOObDOOOOOOODOO
goboboooooooboboboboboboooooo
gboboboboooboooooon

goboooobooooboooboooboobobooooDo
DMP DODOODOOOOOOOOOODLOOOODbOODOO
gooo

7r3.00000000000

DvMPO OODOOODOOOODOOOOOOOOOOOOOO
gboboboboooobooobpINDObDOoboboobooo
gobooooobobooobooobooobooboobooon
DvMPUOOOOOODOODOODLOOOOOOODOOOODOD

gboboobooooobooboobobooooboooban
gobooooooooobooooooooboboooooo
gobobooooooooooboooooooboobooooo
goobooooooobooboboboboboooooo
gobobooboooooooooooooooobooobooooo
0000000000000 OdnFg. 210

Fig. 20 Exclusively tuned condenser

Fig. 22 Advanced styling

0140



Advanced Proud SedanO0 0000 CITydo O d

7400000000

goooooboobbobooboooooooooooooo
gbobogoboooooboooboooobobobooooo
gboobogobooooooobooboobobobobooonog
gboboobooooboooboooobobobobooog
00000000 Fig. 221

goodgd

gobobobobobooboooooobooooooooon
oooooooooooobooooooooboocaTybood
gooooobooooooobobooooooboboooooo
gooobobooooooobobboooooobooboooo
gooooobooooooobooooooboboobooooo
gbobooboooobooobooooboboboboonoog
gbooboooogooo

gboboboboboboooboooboooooboooan
goooooboooooooboooooooboboooooog
goooooooooobooboobobbbbboboooooo
obo crtyooooooooooboboboobooog
gboboooobooboboboooooon

e000m

ogoono ooogao

0150



https://doi.org/10.69239/hondatechnicalreview.2009 21 2 3

goon

Joogdootdbbobgtdobootgdood

Development of Flexible-Fuel Motorcycle

ocoooooo®
Shiro KOKUBU
ocoooooo®
Hideya HORIE

oooooooe®
Hiroshi YAMADAQO
oooooooe®
Yoichi TAKAHASHI

ooooooo®
Atsushi ITO
ooooooo®
Toshiyuki KUBOTA

good

gboobooboboboboobooboooooboooban
gbobooooooobooboboobobobobooonoog
OO00oOoQoOoOoOoOoOoOoDoOOoOOO0OO™Flexible-Fuel
MotorcycleOFFMM OO0 OO0O00OO0O0ODOOOOOOOO
00000 M Flexible-Fuel VehicledlIFFVsOD D OO OO0
gboboooooobooboboobobobooboooo
gboboooboooooboobobobobobooboooo
gobooooooooooboooooobooboooooo
OO0O00o0O00ooooooogoo® Mix Fuel Injection
System0 000000000000 OODODODODODODOO
gbobooooooobooboboobobobobooonoog
gboboooboooooboobobooboboboboonoo
goooooooooooobooooooboboooooo
gbobooooooboobooboboooo

ABSTRACT

A flexible-fuel motorcycle (FFM), able to be operated
using gasoline, ethanol, or any mixture of the two, has
been developed in order to respond to the needs of the
Brazilian market. Four-wheeled flexible-fuel vehicles
(FFVs) are generally provided with gasoline sub-tanks
and fuel injection systems to supply gasoline to enable
engine start at low temperatures, but fitting this type of
additional equipment in a small motorcycle represents a
challenge. This was an issue in the development of the
new motorcycle. The use of a control logic that judges
the ethanol concentration range of the fuel and an
indicator that recommends supply of gasoline when the
concentration range is not optimal for low-temperature
engine starts in the Mix Fuel Injection System,
developed for the new motorcycle, has enabled the
realization of a simple system configuration that does
away with the gasoline sub-tank. In addition, fuel system
components were developed considering the
characteristics of ethanol.
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Fig. 1 CG150 Titan MIX

Table 1 Body specifications

0000000000000000000000000 ItemsO] Specifications
Frame typel Diamond typel
Dry mass[ 116.4 kgOl
32.0000 Overall lengthd 1988 mmO
Table20000000000000000000000 Overall width( 730 mmO
000000000000 2007 0000 CG150 Titan O Overall height 1098 mmOJ
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Table 2 Engine, ignition and fuel supply specifications

2007 model 2009 model
Gasoline Gasoline MIX Fuel

Fuel E20 - E25 E20 - E25 E20 - E100
Cooling system Air Air Air
Bore x stroke (mm) 57.3 x58.84 57.3 x58.84 57.3 x 58.84
Displacement (cm3) 149.2 149.2 149.2
Compression ratio 9.5 9.5 9.5
Valve train SOHC SOHC SOHC
number of valves 2 2 2

IN SAE HNV3 (incresaps\(EdHh’\all\r/(?n%ss) (incresaéEdth\é\r/(?nDess)
Valve material

EX Lv21-43 +Metalining +Metalinging

N | smeraly | VWearressiancel | Weariessiances
Valve seat material : -

ex | Wearresisancel | fodiaice reSitancel)

sinter alloy sinter alloy

Fuel system Carburetor el jecton el jecton
Throttle type/Diameter (mm) Piston / 22.8 Butterfly / 26 Butterfly / 26
Throttle position sensor -0 On throttle body On throttle body
Absolute pressure sensor -0 On throttle body On throttle body
Oil temperature sensor -0 On cylinder On cylinder
Oxygen sensor -0 Without heater With heater
Ignition control Engine speed table throEtHgigSesr?iﬁgdrﬁEp thrc?t{llgigre) esrﬁﬁgdrﬁ%p
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Fig. 2 Exterior view of engine and oxygen sensor
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Fig. 3 Engine performance
Table 3 Fuel properties
Gasolinel] Ethanol
Specific gravity[l 0.73-0.75 0.79
Heating value (MJ/Air kg) 2.95 2.99
Octan number RON/MON 93/81 110/92
Stoichiometric air fuel ratio 14.6 9.0
Flash point (°C) <-30 13
Boiling point (°C) 25-200 78
Ratio of moles before and after(]
combustion(] 1.07 114
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Fig. 20 Fuel injector for CG150 Titan

Table 5 Flow rate of injector and injector material of

each model
Gasoline MIX fuel
Fuel E20-E25 E20-E100
Fuel pressure (kPa) 294 294
Flow rate at 24 msec (mm3/st) 52.5 61.2
S440C0O
Valve S440C Passivatingll
. treatment
Material
S440C0
Valve seat S440C Passivating[]
treatment
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ABSTRACT

A compact cultivator called the Pianta that uses a gas
canister was developed for use in kitchen gardens.

The butane in the gas canister undergoes phase
transition between vapor phase and liquid phase at
approximately 0°C under atmospheric pressure, so that
fuel supply control and removal of fuel from the gas
canister become theoretically difficult at an air
temperature of around 0°C. The gas supply system uses
the method of removing butane in the liquid phase. It
also has a vaporizer placed between the cylinder head
outlet and the muffler so that users can start and operate
the cultivator during the planting season from March to
April, when they start working with the cultivator in
outside air temperatures of 5°C.

Compared to the FG201, a gasoline-fueled compact
cultivator with the same engine displacement (49.4 cmd),
the Pianta showed an approximately 10% reduction in
CO, emissions. The Pianta’s emission performance also
met EPA Phase Il regulation levels and Japan Land
Engine Manufacturers Association self-regulating levels.

The overall width between the outer tines was
reduced by 22% relative to the FG201 in order to make
the Pianta easier to maneuver in the garden. However,
the plow power was raised approximately 15% relative
to the FG201 by the adoption of the new model tines
and enhancement of the drag bar. The issue of noise
when using the cultivator close to residential areas was
also addressed by reducing the noise level at the
operator’s position by 1.5 dB(A) during operation.
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Table 2 CO, emission

FG201 Pianta
1.5 kg/(kw-h) 1.3 kg/(kW-h)

Table 3 Emission regulation

EPA Phase Il - LEMAO Piantald
CO : 610 g/(kw-h)O 286 g/(kW-h)0
HC + NOx : 50 g/(kwW-h)O 24 g/(kw-h)O
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Table 4 Comparison between Pianta and FG201

Items[] Pianta FvV2000 FG2010
Overall length (mm)O 10550 10500
Overall width (mm)QO 4850 4750
Overall height (mm)O 9900 9950
Storage height (mm)(] 5300 6350

Dry mass (kg)O 200 16.50
Tine speed (rpm)0J 1350 1350
Tilling width (mm)0O 3500 4500
Tine diameter (mm)O ¢ 2500 ¢ 2600
Starting system[] Recoil starter] Recoil starterd
Main clutch typel Centrifugal clutchO | Centrifugal clutchl]
Transmission speedsl]] 1ForwardO 1ForwardO
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ABSTRACT

A micro-combined heat and power generation (micro-
cogeneration) unit which can be used as a backup power
generator in an emergency has been developed. A
battery, DC-DC converter unit, and inverter unit were
newly developed to enable autonomous operation of the
generator. The DC-DC converter unit converts power
from the battery when backup operation commences, and
supplies power to the starter. It also applies charging
control to extend battery life. In addition, the inverter
unit is the same size as the model currently on the
market, which does not have a backup power function,
but it incorporates both grid-connected and backup
generation functions. Output power as an emergency
generator during backup operation has been increased 1.5
times against the previous model. The realization of
hybrid power generation through the use of battery assist
has reduced voltage sag when an electrical load is
connected, and thus, the amount of usable electric load
and types increased.
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Fig. 2 External view of micro-cogeneration unit

Table 1  Specifications (US model)

Normal | Boost Backup
1 3wW0 1P2wO
o 240 V/120 VO 240 vO
Output | Electricity 60 Hz 60 Hz
12kw | 18Kkw | 1.8kvA
Heat 3.2 kW or more
Power supply Grid connection(]
by inverter Inverter
Heat recovery go°CU
Hot water

Efficiency| Electricity 23.0% or more
(LHV) Heat

Dimensions (LxWxH)

62.5% or more
380 x 580 x 880 mm

Mass 82 kg
Noise 47 dB(A) 55 dB(A)
‘ Type C)|_|I_(i:quid-_coole‘d 4-stro|_<e|:|
Engine vertical single cylinder
Displacement 163 cm?

Starting system Starter generator
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Table 2 Specifications

(DC-DC converter unit)

coostupers | CUeESennce vper

Switching typel Zero current switching(d
Rated input voltage 14V
Rated output voltage[ 270V
Rated output power 440 W
Switching frequencyl 40 kHz

Dimensions (LxWxH)(] 277 x 187 x 32 mm

Mass 1510¢g

Table 3 Test results of DC-DC converter unit

Input voltage 14V
Output voltage 273V
Efficiency
(rated output power)O 91.6 %
Maximum output power 1168 W
Output voltagel
(no load)O 207V
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Table 4 Power generation performance of
interconnection

1.2 kw /1.8 kWO
1950 rpm / 2800 rpmO
AC 120V /240 VO

Output powerd
Engine speed

Rated voltageld

(1e3w)O
Rated frequency 60 HzO
Efficiency 92% or moreld

Power factord 97% or moreld

Output current distortion

TotalO 5.0% maxO
3-9 orderd 4.0% maxd
Individuald | 11-15 order™ 2.0% maxtd
harmonic ofll17-21 orderO 1.5% maxO
odd orderll>3_33 orderD 0.6% max[J
35-39 order] 0.3% maxd
2-10 order( 1.0% maxOd
Individual(d|12-16 order[] 0.5% maxOd
harmonic of(]18-22 orderd 0.375% max0
even orderty54 34 orderD) 0.15% maxO
36-40 order[] 0.075% max[
- Without reduction process
- With reduction process
16
S : :
g 12 4.7point reduction
é 12 - = <{392%
2 6
g 4
£ 2
0
Total 3 5 7 9 11 13 15 17 19 21
Order

Fig. 18 Output voltage harmonic distortion With and
without reduction process

Table 5 Power generation performance of backup

Output power [J 1.8 kVA O
AC 240V 0O
Rated voltage O 102 W)0
Rated current O 7.5 A0
Rated frequency O 60 Hz[O

Efficiency O 92% or more[]
Resistancel

Output O load 3.0% max[]

voltage O Rectifier 0

distortionO] |OZZU 1er 10.0% max[]
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Table 6 Comparison of battery assist on-off

Assist off Assist on
Voltage sag O 59.3% 16.6% O
Stabilization time 254 s 1.71s0

Sltabilization tim(leD
«—>

7V0Itage
- sag

<>

Output voltage [V]O

/
] L L

- Time [s]O
[Overioad comnection’

Fig. 20 Voltage sag and stabilization time
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Fig. 21 Comparison of battery assist on-off
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ABSTRACT

Honda has developed GX690/GXV 690, a small, high-
performance, air-cooled, 4-stroke V-twin cylinder general
purpose engine with an outstanding environmental
performance.

In this new model, the enhanced shapes of combustion
chamber and port, upgraded cooling capability around the
combustion chamber, and variable ignition timing
effectively suppress knocking, while increasing the
compression ratio to 9.3 from 8.3 of previous GX670/
GXV670, which results in 8% increase in output. Without
using any catalysts, this engine with 10% of increased fuel
efficiency has cleared the EPA exhaust emissions
regulations. Both the decreased size of air cleaner, which
was resulted from enhanced filter, and the adoption of oil
filter base, which also had an oil cooler function,
eliminating previous oil cooler, allowed us to reduce the
total height and width of the engine, as well as the volume
by 18%. The modified shape of cooling fan and fan cover,
configuration of muffler, and other parts are effective to
decrease the measured and perceived noises that occurred
in the previous engine in operation.

As new features, we have also added an hour meter
and oil alert indicator to enhance the usability of engine.
Furthermore, we advanced battery charging performance
to offer a diverse use in working machines.
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Table 1 Engine specifications

Item Previous engine (GX670) Developed engine (GX690)
Engine type 4-stroke, V-90° twin-cylinder 4-stroke, V-90° twin-cylinder
Displacement (cm®) 670 688

Bore x Stroke (mm) 77 %72 78 x 72
Compression ratio 83:1 93:1

Valve train 2-valve OHV 2-valve OHV

Valve inclination angle (deg) 0 29

Valve diameter (mm) Inlet: ¢ 35, Exhaust: ¢ 31 Inlet: ¢ 30, Exhaust: ¢ 26
Combustion chamber shape Wedge type Hemispherical type
Lubrication system Forced feed system Forced feed system
Ignition system Transistorized magneto (fixed) CDI (advanced)
Dimension (L x W x H) (mm) 412 x 471 x 457 405 x 410 x 438
Volume (cm®) 88680 72730
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ABSTRACT

This paper discusses a novel walking assist device
that assists users in adopting a more efficient posture,
muscular usage and walk ratio. An assist method was
developed that coordinates the walk ratio of users while
increasing their propulsive force. This assist method was
implemented through a hardware system that consists of
low-profile actuators and compact electrical components.
The device is light and adaptable to users of various
shape and size. A long-term experiment showed that
elderly subjects using the walking assist device were
eventually able to walk with a wider stride, at a higher
speed, and with a lower heart rate, without help from the
device. Their balance of muscular usage also changed
accordingly. Energy consumption increased according to
the increase in the subjects’ speed. This result suggests
the possibility of using the walking assist device as a
tool for increasing elderly peoples’ physical activity,
while reducing the level of stress this would normally
produce.
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Table 1 Key specifications of walking assist device

Size 3 sizes (small, medium, large) O
istance between motors:[J
) 312 mm; (M) 342 mm; (L) 372mm

Weight (kg) 2.8 (medium)

Drive systemU Brushless DC motor /10
(motor/reduction(]

ratio)

Battery Lithium-ion battery/ 22.2 V-1 Ah

Operating timeJ | 2 hours (when walking at 4.5 km/hour)
per charge
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ABSTRACT

An analysis focusing on the transfer paths of
combustion noise from the engine to the interior of the
cabin was conducted in order to enable enhancement of
audible in-cabin diesel combustion noise during the
development of the 2009 model year ACCORD diesel.
Transfer path analysis using the principal component
regression method was employed to analyze the degree
of contribution to noise transfer. First, the airborne and
structure-borne contribution for 920-2300 Hz radiation
noise, which represents an issue from the perspective of
combustion noise, was analyzed. Following this, the
input paths for the structure-borne component were
determined. As aresult, it was judged that despite the
fact that airborne transfer has been regarded as the major
factor in the case of the high-frequency band, the
structure-borne component also has a profound effect.
Methods of enhancing interior sound were examined
based on the results of the contribution analysis.
Reducing the transferred components by controlling
vibration in the mounts has enabled enhancement of
combustion noise in the cabin.
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ABSTRACT

Prior to the development of a heat recovery system
using thermoelectric elements for automobile exhaust
heat energy, simulation methods were developed to
understand the current technical level and extract issues
as well as key technologies.

Generated power not only has a positive effect on
automobile fuel economy, but there are also the negative
effects of increased weight and backpressure. Effects of
fuel economy making full use of thermoelectric technology
lie in optimum balance of these factors. Thus, guidelines
for optimizing this balance were also developed.

The results showed that heat recovery using existing
thermoelectric elements is nearly unable to enhance fuel
economy. Elements that exhibit good performance within
the temperature range of 100°C to 350°C should be
employed, and development of new elements is found to
be the key. Furthermore, investigations also showed that
a heat recovery system provides approximately twice the
fuel economy effects when the engine is operated at
constant speed such as in a series hybrid, compared to an
ordinary car. These findings provided the outlook that the
combination of developing new elements, selecting the
optimal car type, insulating the exhaust system, and
adopting other technologies leads to enhance fuel economy
by 3% or more compared to conventiona levels.

gooodd

gboboobobobobooboooooooooboon
ogboboooooooboobobobobobooooog
gboboooooooboobobooboboboboonoo
goboboooooooboobobobobobobooog
ooooooooooeem

goobooboboboboobooooooooogon
oooooooooPermmiggoooooogooogon
gooooooooPrpooooogooooooood

gboor&DOOOO

gboboooooooboboboboboboboonoo
goboboooooooboobobobobobooboooog
gbobooooooobooboboobobobobooonoo
gobobobooooboooboobobobooobooo

gooooobobobooboooooooooooooboon
goobooooooobooboboboboboboooog
ooooooooogoeem

goooobooboboboobooooooooooo
gbobobooooooobooboboobobobobooonoo
gbobooogog

g 680



gbogoboobooooooooboobooboobon

Table 1 Preconditions adopted for simulation

Precondition factors(] Adopted precondition]

Target of exhaust condition to be Average mass flow and temperature(]

optimized in US combined driving cycle O
EvalqatedD Type and engineld STREAM 2.0L
vehicle displacement
Heating sourcel] Exhaust gasC
SystemQO Cooling sourced Coolant (90°C-3L/min. constant)
configuration s
Efficiency of voltage( 85% constantC]
converter
Sectional area ofC] Equivalent to sectional area ofJ
Heat 00 exhaust path exhaust pipe
exchanger Fin volumeO 10% relative to exhaust pathO
Fin materialO Exhaust: SUS Coolant: Copper

Sectional dimensions(

5mm x5 mm
of element

Thermoelectric [1Gap between elementsl] 1 mm0O

unit

Electrode size andO

R 5mm x 11 mm x 0.5 mm Copper
material

Module efficiency 45% constant[]
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Table 2 Effect of unrestrained specifications on
factors affecting fuel economy
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Table 3 Optimized specifications of thermoelectric unit

Hot side heatO
d@xchanger

Sectional size: 7 mm x 294 mmQO
Fin specificationsD

Fin thickness: 0.175 mmQ

Fin pitch: 0.88 mm

Cold side heatl] | Sectional size: 2.5 mm x 294 mm x 2 paths[]
changer Fin specificationsO

Fin thickness: 0.03 mmO

Fin pitch: 0.2 mm

Element size 5 mm x5 mm x 8.6 mm x 800 piecesl]

Unit weightO 4.2 kgO

System weight[1| 8.3 kg

Table 4 Effect of thermoelectric generator on fuel

economy
Increase in0J Reduction of(]
fuel economy CO,per km
% g/km
LA40O 0.130 0.20
HWYO 0.360 0.420
SC030 0.150 0.240
usoed 0.080 0.140
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Prediction of Transient Body Deformation during Handling Maneuvers
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ABSTRACT

A multi-body dynamics model that considers elastic
deformation of the body was formulated in order to
predict transient body deformation, a factor that affects
handling. A comparative analysis with body deformation
during handling maneuvers identified using a modal
forced response method was conducted, and a good
correlation was obtained between vehicle dynamic
performance, transient body deformation, and the body
modal contribution factor.

gooogd

00o0oooooooooooooooooooooo
gooo0oo0ooOoooUooooooUoooog

00o00o0oooooooooooooooooooo
00000ooooooooooooooooooooo
oo0ooooOoooOoOoooOoooooooooeemEgn
00o000ooooooooooooooooooooo
oooOooooOoooogooooooooooooon
O00000O00oo0o0oooooooooogpesane
oooooooo0ooooooooooooooooooo
oooooooooooo

00o00ooooooooooooooooooooo
00O Modal ForcedResponse 000000 OOOOOOO
oooooooooooooooooooooooooo
O00ooO"Ooo00000000o0OnOdResidual
Vector 0000000000000 0O0O0O0O0O00O0O
ooO"Oooo0ooooooooooooooooon
oooooooooooooooooooooooooo
oooooooooo

gobogoboboodboobooon

21. 0000000
ooooOooooOoOooooOoOoOoooOodModal

gboor&DOOOO

Forced Response 00 000000000000 0000
0000000000000000000000000
000000000000 ¢®000000000000
00000000000000000000000000
000000MO0000000000000000M@n
00000000000000000000000000
0000000 Hw) 0000000000 OO0000
00000000000H(*0000MO0mO00FFT
00000000000000000000000000
000000000000 h) 000000000000
00 ¢®0000000000000000O00O000DO
000000000FRYO0D00000000M M 00D
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
00000000000000000000000000
00 ¥ 0000 mOcOk Or=1,2,3000mO 000
00000000000 q 0000000000000
000000@MOMMOODN00000000N00N0no
00000000000000000000M 00D

H(w) = & (w)/F(w) 0ooo
h(t) = iIFFT(H(w)™) nulln
F(t) = h(t) ® &(t) ooo

g 740



gooooboboooooon

ma,(t) +¢,q,(t) + kg () =1,() ooo
10 =X, F @) 0og
X0 =) ,,-q,(1) noo

h)D0OOOOOOOOOOOOOO0D0O00

HwOD 0O0OOOOODOOOO0OOOO00000000
FOOOOOOOO0OO0OO0OO0OO0OOOO0O0D0000
gH0O000000D00000
wO0O000000MmMr=1,2,3,000m0
XMOOODOO00D000000000M i=1,2 3,000m0
q®000000000Mr=1,2,3,000m0
mOO000000000000Mr=1,2,3,000m0
c00000000000000Mmr=1,2,3,000m0
k0DOOOODO0OD0O00000Mmr=1,2,3,000m0
md 00000000000
n000000000000000

22.000000000000

goboboboboboobooooooooooooboo
gboboobooobooboooboooobobobooboooo
gboobogooboooooooboobooboboboboog
goboobobooboboobboooboooboooo
goooboooboobooboboooboooboooboooobooo
oooooooooooobOo0o0ooooooDnDFrg. 10
gboobogooboooooooboobooboboboobooog
gooooboooooooobooooooooboooooo
goooboooooooooboobooooooobooboooooo
O00000Frg.2000000000O0ODOOOOOOO

Fig. 1 Pretest for determination of strain gauge
setting

Fig. 2 Result of strain sensitivity simulation

gbobooobooooobooboobooboboboboonoog
gbobooooooooboboobobobobooog
gbobooooooboboboooo

23.00000000b00b00bo0booon

gboobooboboboboobooooooooooo
gbobooboobooboooboooobooboboboono
0000000ooooo0O0O0o000doOdrge. 30000
gboboobooobooobooboooobobobobonoog
ogboboooooooooboboboboboboog
ooo00o0oO0oDo0o0oDoO0oOoboOoOooDoboOn Fg.
4 000b00bO0b0obobobobobobobooobo
gboboooobooboboboooon

goobooboboboboobooooooooobooo
gbobooooooobooboobooboboboboonoog
gboboooboooooboobobobobobobooboog
Fig. 5 00000000 DOOOOOOODOOOODOOO

=
o

20

Strain gaugel
location number

30
40
50
k
5 10 5 20 25 n
Input force location number
[ T

Fig. 3 Strain matrix before cleanup

__ 2000
%E o A o la Al A Al A Al
23 VAN AN AR A
g5 L R a TVt 8
ez VTV VA M A
RERR R

-2000r

0 5 10 15 20
Time [sec]

Fig. 4 Result of forced response around front spring
damper connecting point before screening

2000
2z
H: AR VY
£3 O T A
gt WAV — o sceo
= 200011 —Bight sjdel:l I
oo 5 100 15 20
Time [sec]O

Fig. 5 Result of forced response around front spring
damper connecting point after screening

g 70



Honda R&D Technical Review Vol.21 No.2 (October 2009)

goodooooooooobooobobobobbbobooobooo 32 0b00booboooooogon
gbobobobobooooboobobobobooooo gooooooboboboobooooooooooo
goboooboobobooboboobobooobbooon
ogooooooooooodoodoon gooboobooooooobobooboobobobooog
gobobooooooooobooboooooobobooog
goooooobbobbooooooooooooooobooon gobbooooooooboobooooooobobooooogoo
goboboobooooooooboboooooooboooooo gbobooooooobobobobobobooboooo
goboobooooooooooboooooboboobooooooo gooboooooooboobobobobobooooog
gobooooobooobobooobooobooboon gbobooooooobobobobobobooboooo
gogoboooooooboobobobmoboboboo
.. 000000000 goboooooooooobooboooooboboobooooon
gogoooboooooboobooooboooobobo gbooobooomoobooobooobooboobobooobooo
Residual Vector OO0 O OOO0OOO0O0OO0OOB0Hz O OOOO goboboooooooooobooooooooboboooo
oboboboooobogoogssgnoobooooooo gbobooooooobobobobobobooboooo
gboboooooooboobobooboboboboooo gooooooooooboooDbO rg.7 DOODO
gobooboooooooobooooooooboboooooo
gboboooooooboobobooboboboboooo gooooooooo
gbobooooooobooboboboboboboooog
O00MFg. 600000000000 0O0ODDO 17150 gbooboobobobobooboooooooooboan
gpoooboo goboboooooooooboooooooboboobooooo

o000 eckm/hO0O0000O0O0OO0OOOOOOOOOOO
gobobomoooom o4 ODOOOOODOOODDOO

20

Finite element model

NN R,
iy i ANUA DA

1
\
[ A
P\

f
|

Body yaw rate [deg/sec]
o
<
T
To—
<
T —————
1
Ll

Node Node
Wirel] Residualll \J / — Test
frame vector 20 N ---- Simulation
7 - I
Multi—pof.nfD""u., +Mass matrix[] o0 50 Timé ?sDec] 5 20
constraints %, ., at center of gravity

: X .. 5 .
g] g] g] Modal mass (a) Body yaw rate
Modal stiffness 06

[N A S A W A W A BN AN

R R I e
V[V \] N - Simulation

0 5 10 15 20
Time [sec]

MPC + residual vector model (b) Body lateral G

Body lateral G [G]
o
\
|
|
p—
S
||
T
[
I |
|
R
|

o
o

Fig. 6 Method of reduction of body model

Body roll angle [deg]

Y \%7 ] = Test
! ---- Simulation
10 15 20
Time [sec]

. . . . (c) Body roll angle
Fig. 7 Multi-body dynamics coupled with structural

model Fig. 8 Vehicle dynamics during slalom maneuver

g70



gooooboboooooon

ooobom2s5000omoboooooooooonog
gbobogooboooooooboobooboboboooooo
goobo

41.000000000DO0OOOOOODOODOO

goobobobobooboooooooooooooo
00000000000 Fg.800O0O0O0OO0OOOOOOO
goooboooboooooobooooooooboboooooo
gooooooooooobooboobobbbbbboooooo
gobooooooooobooboobooboobogo

gboboobobobobooboooooooooboon
gboobogoobooooooobooboobobobobooog
O0OFg. 9O 0OOO0OOOOOOODDODDOOCODOODOOOO
oboboooooobooboboboooooon

3000
]
z R e AT A e
8 of— ) - f i — / ; \ /
g VoV Ve e b e ]
VoA Ay N V] — TestD

i ---- Simulation(]|

-300057 5 10 15 20
Time [sec]O

Fig. 9 Front sub-frame lateral force during slalom
maneuver

:
| |
| | | | | | |
L Ny =t N
o

I I I I I I I I I I I I
N A S N

oo 10 20 3l
Time [sec]O

)
O
[
i‘-‘ﬁ 0
>
S
]
om

-0.6

Fig. 10 Test results for body deformation

Front Ia.lteraID-”
bending mode

at il

Torsional mode

High [\

Body modal contributiond
factor [q (t)]

o

Body mode number

Fig. 11 Test results for body modal contribution

42. 00000000000

goboboboboboboobooooooooooo
00000000o0oooooooooono Fig. 10 O
gbobobobgoobooooooboooboboboobo
goobo

goboboobobooboobooooooooooooo
0000 Fg. 11 OOODOOODOOODOOOODOO
gbobobooboooobooboooooooomog
goobboooobobomoboooooboobboooa
gooo

43.0000000000DO0DbOOOO0ODOODO

gboboboboboboooboooboooooboooboaon
ogbobogooooooooboboobobobobooog
000 Fg. 12 000OO0DOOODOOODOOOODOO
oboboooooooooboboobobobooooog
gboboobobooboooooooboobobobono
gbobobooooobooboboboooog

ggoobobomooooooooooooboboooooo
gooooooboooboboooobbbbbobooooog
gboboooooobogog

Body lateral G [G]

o
o

Time [sec]

Fig. 12 Simulation results for body deformation

= 2

g

22

N AN AW AN A &

N M VELVALVI VIRV ViR

o= — Test f

= > Simulation
0 5 10 15 20

Time [sec]
(a) Torsional mode

IR IWANASARAWA

Modal contributionl]
factor [q (t)]
o

VAIVARY/EvASEER
e o — Test

2 ---- Simulation

0 5 10 15 20

Time [sec]

(b) Front lateral bending mode

Fig. 13 Two time domain body modal contributions

g 770



Honda R&D Technical Review

Vol.21 No.2 (October 2009)

gbooboboboooooobboboboboobooboo
gbobooooooboobobooboboboboonog
O Fig.13 0000

gooboobobobobooobobooobooooon
gooobooooooooboobooooooboobooooooo
obobooooooobooboboobobobobooog
gboboooooooboobobooboboboboooo
gboboboobooooboboboboooooo

goodd

gooobDOo0oOoooooboObOoOoOooooD Modal
ForcedResponsel O OO0 O0OOOOOOOOOOOOO
gobobooooooooobooboooooboboobooooooo
OO0 Residual Vector 00 000000000 OOOOOO
gbobooooooobooboboboboboooooo
gboboooboooooboobobobobobooboooo
gboboooooooboobobobobobooooo
gbobooooboobobobooooon

good

oooooooooooooooooooogoooooo
00000D0O0000o00ooooooooooooo
000000000000 D0DOONo0.982, p.207-210
0 19980

0oooooooooooogooooooooooooo
0000000000000 00000000000
O00OO0OoOoOoOoOoOoooO |, No.91-00, p.5-8 20000

00o0o0o0ooooo0oooooooooooooooooO
O00000000000000000000 No.90-99,
p.1-4(1999)

o0o0oo0ooooOOoO0oooooooOoUoooooooooo
0000000000oo000oooo0oooooo
O0000000000000O,No0.101-04, p.1-4(2004)

0 O OHadjit, R., Kyuse, M., Umehara, K., Geluk, T., Mas, P.:
Analysis of the contribution of body flexibility to handling
and ride comfort performances, 2009 JSAE Annual
Congress Proceedings, N0.38-09, p.15-20(2009)

0000000000 000Residual Vector DO OO OO0
oo00oO0o0oO0oOoO0o0o0o00o0ooooooooood
000000 |, No.28-02, p.17-20(2002)

m000m

g 780



goono

oot ogdood

Vehicle Dynamics Simulation in Extreme Driving Conditions

gogoooooe

James CUNNANE"" Mike KENLEY®PX

Takayuki TOYOSHIMA

good

0000000000000 oooooooooooo
gooooooboobbbbbbbooooooooo
O00o0o0oooUooooooooooooogoooooo
oooooooooooooooocoooooooooo
00o0000oooooooooooooooooooo
oooooooooooooooooooooooooo
00o000oooooooooooooooooooo
oooooooooooooooooooooooooo
0000000 O Dynamic Vehicle Simulatod [0 0 DVS[
oooooooooooooooooooooooooo
00o000ooooooooooooooooooooo
gooooooooooopbvsoooooooooooo
0o0o000ooooooooooooooooooooo
oooooooooooooooocoooooooooo
000000oooooooooooooooooooo
goooooOooooooooooooooooo

ABSTRACT

The increased weight produced by measuring
instruments and the limited space available for such
instruments make it a challenge to measure vehicle
characteristics in extreme driving conditions such as
circuit driving that take the vehicle to its performance
limits. The ability to conduct bench simulations of
vehicle behavior, that consider a variety of factors such
as changes in the form of the vehicle and the forces
acting on it, across a wide range of driving conditions,
from standstill to extreme driving, would enable the
measurement of physical characteristics which has been
unlikely to be measured to date. Additionally, this would
contribute to more precise analysis of vehicle
characteristics during driving. Honda's Dynamic Vehicle
Simulator (DV'S) was developed as a multi-axis test
system with the capacity to enable simulation of vehicle
behavior from standstill to extreme driving on the bench.
A method of efficiently reproducing this wide range of
driving conditions on the bench using the DV'S has been
developed. This method has enabled vehicle
characteristics in the extreme driving range, which has
previously been challenging to study in vehicle tests, to
be analyzed on the bench.
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ABSTRACT

It is desirable for airbags to provide optimal occupant
protection performance for vehicle occupants, who come
with a variety of physiques and riding postures, in a
variety of callision circumstances, among other variables.

However, in order to enable the bag to be inflated
more quickly and to maintain occupant protection
performance over a longer period under various
circumstances, current driver-side airbag systems
necessitate the use of dual stage inflators, occupant
position detection systems, and the like, to enable the
complex control necessary for the provision of optimal
occupant protection performance without increasing the
risk of inflation injury upon airbag deployment.

A driver-side airbag with continuously staged
inflation was therefore developed using spiral sewing
technology that tears at specified pressures together with
vent timing control. Featuring a simpler system than that
of the existing technology, this airbag is able to provide
more tailored occupant protection for a wider range of
differing physiques and collision circumstances and
appears to do so without increasing inflation injury risks.
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ABSTRACT

Plastic windows provided with a view control
function that changes the level of transparency depending
on the angle of view have been developed. In order to
realize the view control function, special polymer films
were selected which provide a clear view without ghost
images and which possess a suitable relation between
angle and opacity for each window. Taking the vehicle
cabin environment into consideration, these special
polymer films are sandwiched between hard-coated
polycarbonate sheets, and the edges of the films are
sealed with aluminum tape. In addition, a new film
pressing process has been developed in order to help
ensure stable quality. The use of the new windows in
the next-generation fuel cell vehicle FCX Clarity has
reconciled good rearward visibility for the driver with a
practical trunk capacity, without affecting exterior design
or vehicle standards.
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Table 1 Setting angle and transparency of view control windows

Setting area Setting angle

Setting transparency

Rear tray window

Trunk lid window (haze ratio)

Transparent area | From -10 to 10 deg.

From -10 to -30 deg.0 | 20% Max.

Opague area

From 30 to 50 deg., from -30 to -50 deg. | From 5 to 50 deg.(

60% Min. O

Table 2 Structures of view control films

Louver structure film

Special polymer film

Structure
High-transperency film

=

High-transparency film

| Blackout layer |

| Transparent layer |

View control layer

Control factor | Light transmission

Haze ratio
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ABSTRACT

A method has been developed enabling rapid
manufacture of prototype molds for instrument panels
used in test vehicles in the automotive development
process.

The new prototype molds are produced using
polypropylene injection molding, as used for mass-
produced parts, enabling manufacture in a shorter period.
The master model transcription method is used, obviating
the necessity for heavy machining or electrical discharge
machining. Carbon fibers have been used in the material
for the new resin molds (known as “carbon molds”)
resulting in outstanding strength and durability.

The new method was employed to manufacture
prototype instrument panels for the new model
INSIGHT, which were used in crash tests. The use of
the new method has enabled prototype molds to be
produced at the same cost as conventional ZAS molds,
but with a 20% reduction in production time.
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Table 1 Comparison of materials

. Carbon | Aluminum(]
UnitO] epoxyD] epoxyll ZASO
Tensile strength MPa[ 63.50 52.00 244.00
Tensile elongation| %[0 10.30 30 40
.10 .30 63.00
Rockwell hardness -0 93 353 3.0
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ABSTRACT

An in-line recycling technology and equipment for
recycling scraps generated in the process of die casting
AZ91D magnesium alloy parts have been developed. The
new technology enables the scraps to be recycled at the
same quality as primary alloy and the molten metal to
be continuously supplied to the die casting process.

Material and melting costs have been reduced by
approximately 20% compared to the use of conventional
recycled ingots. The technology has been applied in the
manufacture of magnesium head covers and intake
manifolds for V6 engines from 2009 year models
onwards.
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Table 1 Chemical components of AZ91D and effect of melting

Chemical component (wt%)0]

A0 | znO| MnO]| SiO cud [ Fel NiC
850 0.450/ 0.170| 0.050| 0.0250] 0.0040] 0.0010
Azo1DO | AlloyD | g50| 9on| -0.400| Max| Maxd| MaxO| max0
specification] productn] 830 | 0350/ 0.150( 0.100( 0.030} 0.0050f 0.0020
(ASTM B93)(] -9.70/ -0.100 MinO | Maxd| MaxO] MaxO| maxO
rﬁg‘;ﬁ@% 8.80| 0.800 0.190| 0.030| 0.003C] 0.00490] 0.00051]

ScrapU
mAefItt?rfED 8.800| 0.800| 0.180| 0.030| 0.0030] 0.00557 0.00051
PrimaryD rﬁg{g@% 9.10| 0.820/ 0.230| 0.030| 0.0030] 0.00100} 0.0005(]
alloyst] mAefItt?rﬁgD 9.00| 0.810| 0.220/| 0.030| 0.0030] 0.00150} 0.0007(]
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ABSTRACT

The accuracy of the circumferential length of the metal
rings used in CVT-pushing belts need to be controlled on the
micrometer level to help ensure the durability of the belts. The
principle used in measuring the circumferential length of the
metal rings is the measurement of infinitesimal differences in
length between a master ring for circumferential length and
the ring being examined. A highly accurate measurement
method and a method of evaluating the uncertainty of these
measurements are therefore necessary for the master ring for
circumferential length.

In the measurement method discussed in this paper, the
master ring for circumferential length is positioned between
two rollers, the length between the centers of the rollers and
the radii of the sections of the rollers around which the ring
winds are measured, and the circumferential length of the ring
is quantified. A high level of accuracy has been realized in
the two sets of measurements through the use of a high-
accuracy three-dimensional coordinate measuring machine
(CMM). In addition, the uncertainty of the measurements of
the length between the centers of the rollers and the radii of
the rollers is quantified using gauge block and gauge ring
measurements.

Because gauge blocks and gauge rings are instruments of
a standard length with a specified level of dimensional
uncertainty, the measured results for the master rings for
circumferential length based on this measurement method are
traceable with a high degree of accuracy.
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Table 1 Uncertainty budget for circumferential length of ring measurement

Source Symbol  Nominal value Standdrd uncertainty Distribution
Gauge block
Length of gauge block d 150 mm 50 nm Normal
Linear coefficient of expansion| ag 10.8 x 10%/K +0.5 x 109K Normal
Temperature of gauge block te -0.627 K 0.1K Rectangular
CVT metal ring
Length between two rollers E 158 mm - -0
Linear coefficient of expansion| o 11 x 109K +0.8 x 10°%/K Normal
Temperature of ring tr -0.682 K 0.06 K Rectangular
U [um] 0.40
U, [um] 0.14
U [um] 0.16
UE) [um] 0.45
UR) [um] U(R) = 0.46, U(R,) =0.60
U [pm] 0.37
Uy [um] 0.26
UL [um] (k=1) 2.6
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ABSTRACT

Model-based development is being introduced to the
development of control software for automatic
transmissions in order to increase control reliability and
reduce development times. The introduction of model-
based development necessitates an enhancement in the
readability of executable specifications formulated using
MATLAB, i.e., specifications for simulatable models,
and the reduction of the time for formulation of these
specifications. An original style guide was developed as
a supplement to the general description guidelines
provided by the MAAB and JMAAB style guides, and
the like, on the basis of a method eschewing connecting
lines and division of the model based mainly on
Stateflow, and post-processing was applied to the
expression of the model when documents were
formulated. These methods increased the readability of
the specifications. In addition, a block library for
automatic transmission control, an automatic modeling
tool conducting routine processing, and a tool that
automatically sets existing variable information were
developed in order to support modeling conforming to
the new style guide. These tools have reduced the time
for modeling to less than one-twentieth of the time for
manual modeling. This has enabled executable
specifications to be employed in the development of
automatic transmission control software.
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Using CAD, CAE, and CAM to Enhance
Automotive Body Assembly Design, Analysis, and
Fabrication

Sachin K. Raje”

Daniel J. Turk” Daniel A. Paolini”

ABSTRACT

Standards, processes, and software were developed to automate the process of creating the Body In White (BIW)
fasteners, such as, spot welds and MIG welds. Enhancements were made to the previous process and software where
the CAD data for fasteners was mostly geometric representations. The new method provides data that has complete
embedded information, including actual connection properties, for the parts being welded. The key benefits include
the ability to check geometry and design intent in 3D, quickly create and revise connections in finite element simulation
models, and import data into weld offline teaching software to accelerate robot welding.

1. Introduction

In the late 80’s to early 90’s, automotive design
engineers communicated weld information with symbols
and annotations on drawings (Fig. 1). For spot welds,
the symbols showed the location and quantity of parts
connected while the annotations described the weld
coordinates and the part numbers being connected. Such
drawings were verified by visually contrasting the
illustrations and annotations and comparing with the
design intent. Once all errors were corrected, the
drawing was issued and distributed. These drawings
were used to create weld connections in Computer-Aided
Engineering (CAE) models and welding templates for
assembling prototype vehicles. In both cases, extensive
labor and time were necessary to read each drawing and
either manually create a weld location in a CAE model
or physically measure and mark a location on a weld
template.

e 1990 2000 2010

Fasteners in 3D0J
Annotations in 3D0
Embed Knowledge

Fasteners in 3D
Annotations in 2D

Fasteners in 2D0J
Annotations in 2D

Fig. 1 History of BIW assembly data

0 HONDA R&D AMERICAS, INC.

Once we moved to welds in 3D, the process was
enhanced since weld locations could be extracted into
CAE software. The source of communication was based
on drawings. The 2D drawing contained the weld
information for both the CAE world and Computer-
Aided Manufacturing (CAM) environments. As CAD
systems evolved (early 2000), we could embed
knowledge in 3D. This provided us with the base for
significant enhancements.

2. Developing the Body Fasteners Workbench

As shown in Fig. 2, we divided the flow of BIW
assembly into four phases. In phase one, the design
engineer provides the necessary inputs. In phase two, the
program determines the parts that are being connected,
gathers information about these parts, and creates the
fasteners. Phase three involves checking the data. In
phase four, the assembly is made available for
simulation.

The Body Fasteners Workbench was developed to
help with this process. The workbench concept was
chosen because of the framework inherent to the base
software. The workbench consists of a collection of
functions that are arranged in toolbars and grouped based
on the following functions: fastener creation, operations,
annotation, and reporting. The software algorithm is
explained in a flowchart in Fig. 3.

During the initial stages of the software development,
a worldwide team comprised of members from design,
information systems, manufacturing, and tooling came
together to define some common user requirements for
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3D fasteners. Some of the standards that were devel oped,
and used in the specifications for the software, include:
e A global unique identifier for each fastener
« 3D annotations for each fastener type
e A standard report format (CSV)

2.1. Design Phase

In the Design phase, the design engineer loads the
parts that make the assembly and adds a part that will
hold information about the assembly. Inputs depend on
the type of fastener being created, for example, the input
for a spot weld is a surface and points at which the
welds have to be created. A MIG weld needs two
surfaces and a curve. Sealers need two bounding surfaces
while bolts need point, surface and a hole. The necessary
inputs are referenced (copied in or referenced with a
link) from the parts to be assembled. Once these inputs
are acquired, the software starts to calculate connected
parts.

2.2. Compute Phase

A key aspect of the Compute phase is calculating
what parts are being fastened during the assembly
process and acquiring their attributes. This could be done
by asking the design engineer to select what parts are
being connected, but impractical since one assembly
might contain hundreds of spot welds. Furthermore, this
process needs to be independent of the type of fastener
being created. We investigated two methods to
accomplish this.

Flow of BIW assembly with fasteners
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Fig. 2 BIW assembly phases

2.2.1. Methods for calculating connected parts

Cylinder Method. At the location where a fastener
is needed, a cylinder with 2 mm radius and 10 mm
length is created along the normal to the input surface.
These dimensions were selected balancing the need to
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Fig. 3 Flowchart for software algorithm
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capture the connected parts but remove false positives.
The software computes the interference between the
cylinder and all parts loaded in the assembly. Parts that
interfere with the cylinder are assumed to be connected
(Fig. 4).

Sphere Method. At the location where a fastener is
needed, a 0.5 mm sphere is created. The software
computes the distance between the sphere and all loaded
parts. Parts that fall within 8 mm are assumed to be
connected (Fig. 5).

Both methods return a list of parts that can be
connected. However, the fastener type has to be
considered to determine the relevant parts; for example,
aMIG weld or sealer can connect two parts while a spot
weld can connect up to four parts. Despite such
restrictions, the software may still return more parts than
expected (Fig. 6). In such cases, the user is prompted
to select the relevant parts.

Based on our testing and the variety of fasteners that
can be handled, we selected the sphere method for
calculating connected parts.

After the connected parts are determined, properties
are interrogated from the model and mapped from a
Product Lifecycle Management (PLM) database. Part
number, material, and thickness data are filtered and
stored on the geometric feature.

2.2.2. Visualization

Each fastener is represented by geometry and
annotations that are based on SO and other standards.
These representations have variations. A spot weld is
represented based on the number of parts being
connected while a MIG weld is based on the length of
the weld. Additionally, the geometry has to be created
with multiple visualizations, that is, Wire frame and
Solids, which aid in downstream use of the data in
visualization software or 2D drawing creation. Finaly,

11~ [ _Cylinder ]

I

Part1[]

I 7

it |
[ —

S

Fig. 4 Cylinder method

- (o ]
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r A v 1

Fig. 5 Sphere method

the design engineer creates annotations for each fastener.
Figure 7 shows an example of visualization and
annotation on spot welds.

2.2.3. Data organization

A tree structure within the CAD model stores the
geometry information. Good organization in the tree
structure is important as it enables fast access to
information. When the geometry is created, fasteners are
organized in the tree by welds, sealants, bolts, etc.
Welds are subdivided into Spot, MIG, and other weld
types. Additionally, fasteners are grouped by the parts
that are being connected as shown in Fig. 8 by the
“PART2_SAE/ PART3 SAE" label. All spot welds that
connect these two parts are included in this group.

Once the connected parts are computed, the
geometry, annotations and the organized tree is created
then the data is ready for check phase.

2.3. Check Phase

Once an engineer completes creation of the fasteners,
he/she uses a PLM workflow to promote the part’s
workflow status and start the check process. The first
check is automatic, and if successful, a manual second
check is started.

Fig. 6 Example of multiple parts identified to be
connected

Fig. 7 Visualization and annotation on spot welds
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2.3.1. Automated check

An automated program checks for invalid fastener
definition, which could involve a mismatch between
number of parts and the type of weld, a missing material
or thickness, two spots created at the same location, or
missing annotations. |f problems are found, the part is
demoted to the original workflow status and an e-mail
sent to the design engineer with alink to the error report.

Errors can be corrected using edit functions provided
for the fasteners. Individual fasteners can be modified
by editing the inputs or by making corrections to the
connected parts. Multiple fasteners can be modified by
using a refresh function to re-compute connected parts
and collect their modified properties. When there are
no errors, the assembly is made available to the checker.

2.3.2. Manual check

To aid with the manua check, the information stored
on fasteners can be displayed in several report formats
to meet end users' needs. Such reports contain fastener
information, which includes a unique identifier, location,
orientation, the parts being connected, and properties
(material and thickness). This report can be saved as a
file that can be read by spreadsheets or other
applications.

Once the checker is satisfied with the assembly, he/
she promotes the file to a locked status and a Spot Weld

=) PART2_SAE / PART3_SAE
=-6% ASSLY_0229_PROJ

", WELD_CENTER_PT
g;n;’t

“% WELD_N-LN

7. Axis_Tag

[EZ, weld_Surface

Fig. 8 Tree structure example
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Fig. 9 Sample spot weld CSV file

report file is generated in a comma-separated value
(CSV) format (Fig. 9). This is the same information
created with the report function. The data is now
available for simulation engineers to build finite element
models and to fabrication engineers to start offline
programming.

2.4. Simulate Phase

2.4.1. Finite element (FE) analysis

Automotive manufacturers perform computer
simulations throughout the vehicle development process.
These simulations check and enhance overall vehicle
performance in areas such as crashworthiness, durability,
noise, vibration and handling. To perform these
simulations, the engineers first create a computer model
of the vehicle that is detailed enough to provide useful
performance measurements. The computer model
includes FE representations of each part and the
corresponding connections. The most common structural
connection is the spot weld. Since a typical vehicle
contains approximately 4000 spot welds, it is important
to have an automated process to create them.

The building of a full vehicle simulation model starts
with creating FE part representations. A preprocessing
software tool is used to import 3D CAD surface and
solid data. As shown in Fig. 10, a mesh for each part
is created in a batch process. Once al of the mesh files
are created for a sub-assembly, the preprocessor |oads
and places the individual meshes in the correct location
and labels each mesh with its corresponding part number,
material, and thickness information. In order to ensure
simulation results it is important that these mesh
properties are consistent with the properties used by the
CAD program to define the fasteners. The sub-assembly
is now ready to connect the mesh parts to each other.

The connection process for the simulation model
starts with the spot weld CSV file, which contains all
of the necessary data to build a FE representation of the
spot weld. The FE spot weld creation tool reads and
processes the unique weld identification number, the
number of sheet metal layers connected, the 3D location
of the center of the weld, and the part numbers for each
of the sheet metal layers being welded. In the simulation
model building process, the welds are created on a
subassembly-by-subassembly basis (Fig. 11). Once sub-
assemblies are complete, groups of sub-assemblies are
connected with additional spot weld files. This process
continues building until the final assembly is completed.
Another method would be to combine all of the spot

Fig. 10 Finite element part meshes
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weld CSV files into one complete vehicle spot weld file
and then create all of the FE spot welds at the same
time.

2.4.2. Prototype fabrication

Prototype vehicles are built to confirm
manufacturability and performance. Before implementing
the 3D fastener environment, prototype welding was a
manual process of reading individual drawings to build
a weld table and printing drawings to create weld
templates. The availability of the spot weld CSV file
and the introduction of welding robots have reduced the
overall preparation time for weld parameter development
by approximately 50%. A timeline of the maturation of
robotic welding processes is shown in Fig. 12.

The process starts by importing the weld information
from the CSV file into the simulation environment. The
result is a properly oriented weld tag for each spot weld,
which allows for fast orientation and assignment of the
welding robot (Fig. 13).

Fig. 11 Single assembly with FE connections

Inspection Manual driver check ultiaesrgrl;i%uiaqsrgggt(izgn Next
WeldO ‘
material-type| Manual Automated
research ‘
[
WeldO 2D Drawing 3D Data offline Programming
locations | ‘
WeldO | ‘
method Manual | Robot ‘ Next!
Year 2000 2005 2010

Fig. 12 Application evolutions in prototype processing

Fig. 13 Welding robot oriented based on imported
weld points

2.5. Software Maturation

The software has matured in multiple versions,
leading up to the current version, V4. In the initial
release, V1, an interface was developed to create the
geometrical data. In this version, the step of creating a
CSV file was a secondary process that didn't have any
interaction with the design engineer. The next version,
V2, implemented real-time information gathering from
aPLM system while a design engineer created fasteners.
This increased the accuracy of the CSV file as more
checks were done before simulation or fabrication staff
saw the data. The latest versions, V3 and V4, have
support for more operations like symmetry, copy paste
with links, and multiple PLM systems.

3. Conclusion

The development and implementation of BIW
fasteners has advanced vehicle development in many
ways:

(1) Weld Design has advanced to a knowledge centric
approach from the historical focus on geometry.

(2) The software has shortened the time required for design
engineers and checkers to collect and display
information about the BIW assembly.

(3) Thetask of building and updating simulation models
has been simplified.

(4) The lead time to weld prototype vehicles has been
reduced.

(5) TheBody Fasteners software and associated standards
have provided enterprise—level efficiency
enhancements that benefit all facets of vehicle
development.

The next step for BIW fasteners in the PLM
environment is to detect changes in the assembly and
manage the effect on assemblies.

References
(1) 1S0 16792: Technical Product Documentation Digital

Product Definition data practices
(2) JSZ 3021: Symbolic representations of welds

m000m

SachinK. Raje Daniel J. Turk Daniel A. Peolini

0 1220



https://doi.org/10.69239/hondatechnicalreview.2009 21 2 19

goono

Joodooooooodn GPsS Ub0oogon

GPS Safety Monitoring System for Takasu Proving Ground

gooooooe
Eiji KARASAKI
gooooooe
Hisahiro KOMORI

goooooage
Masato TAKIKAWA
goooooage
Yoshikazu TSUBAKI

oooooooe®
Hitoshi FUJII
gogoooooes
Kouichi TAKEUCHI

ggooooone
Takekatsu MATSUKURA

good

Gpsboboboooooboobobobooooobog
goobobooobo ePsUbooooooboobobOob
gboboobooooobooboobooboboboboonoo
gbobooboooobooobooboobobobooboooo
gooooobooooooobooboooooooboboobooooo
gooobbboooooobbooboooooboobooooo
gboboobooooooobooooboobobooboooo
gbobooboooobooobooboobobobobooboo
gbobooboooooooboboobooboboboonoo
goooboobobooooooboboooooooboboobooooo
ooooobooooooobooooooooboboobooooo
gboboobooobooboooboooobobobooboooboo
gbobobooooobo 1000 1000Db0D

ABSTRACT

A GPS safety monitoring system that uses receiving
stations to receive GPS position data, transmitted by
vehicles on a test course, has been developed. Data
processing by computer enables real time display of
vehicle status on monitor screens. At the same time, the
system uses vehicle data to judge whether an accident
has occurred, specify the location of the accident, and
send out an emergency alarm. Honda's Takasu Proving
Ground covers a large area of undulating ground, making
direct monitoring by camera a challenge. A monitoring
system based on transponders and sensors embedded in
test courses has therefore been utilized in the proving
ground. The number of Takasu test courses has recently
been increased, and there have also been increases in the
number of vehicles using the courses, bringing the
former system to its functional limits. The monitoring
system discussed in this paper was therefore introduced.
This has enabled monitoring of the entire area of the
Takasu Proving Ground, including connecting roads. The
new system has increased the safety of the courses and
done away with the necessity for inspection tours. The
initial cost of introducing the system was one-tenth of
the projected cost of extending the previous system.
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Table 1 Types of wireless transmitter

Typel Access speed Sizel Investment | Transmitting cost per unite(]
Wireless LAN 54 Mbps BigO Large ¥0oO
Cellular phone 7.2 Mbps BigO Large ¥10,500/month
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ABSTRACT

The FACE (Facial Attention for Conspicuity
Enhancement) design, a lighting system design that
enhances motorcycle conspicuity with regard to the
detection rate from the view of a driver at night, is
described in this paper. Past research has shown that there
is part of the human brain that reacts to the image of a
face and we thought of a method to enhance the detection
rate of a motorcycle by incorporating the element of aface
in the front design of the motorcycle. The effect of a
simple FACE design, an inverted triangular arrangement
of lights, is evaluated and its effectiveness is shown.
Moreover, we developed a simulation method that could
be used to evaluate the enhanced detection rate of a FACE
design motorcycle under conditions that are close to some
real traffic environments. The method is evaluated by
comparing it with the results of a full-scale test and
demonstrates the method could be used to evaluate the
detection rate of a motorcycle.
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Fig. 10 Examples of CG simulations
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ABSTRACT

Soot in engine oil was isolated using a centrifuge
and subjected to an intensive analysis. The atomic bonds
of the carbon in the soot discharged from the engine
under various driving conditions were analyzed, and it
was determined that the greatest proportion of the bonds
were C-C (carbon-carbon) sp? (graphite structure) bonds
and H-C (hydrogen-carbon) bonds, with few C-C sp®
(diamond structure) bonds.

It was shown that the ratio of H and C atoms (the
H/C mole ratio) could be used as an aternative indicator
for the hardness of the soot. In addition, the project
studied the correlation between this alternative indicator
of soot hardness and sliding wear in the engine.

A method of removing soft impurities and
qguantifying the soot components in isolation was also
studied as a means of more precisely determining this
correlation.
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Table 1 Wear test conditions

O LFWHD Shell four-ballC)
Engine oil0] ILSAC GF-4, OW-20 | ILSAC GF-4, OW-20
Carbon black concentration (wt%)[10.20] 0.20

Mean carbon black particlel] 66, 95, 1220] 66, 95, 1220]
diameter (nm)

Load (N)O 1000 4410

Operation time (min.)O 18000 600

Oil temperature (°C) 800 800

Rotation speed (rpm)0 4000 12000
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Table 2 Engine specifications and test condition

Number of cylinders and configurationJ| Inline 40
Displacementl] 2354 cm®
Engine specs.[]l Borell 87.0 mmO
Strokeld 99.0 mmU
Compression ratio[] 10.50
Test conditionl] Speedl] 5000 rpm0
Gradeld ILSAC GF-4, 0W-20
Engine oill] Spurious soot concentration (C element)[] 0.4 wt%[]
Mean spurious soot particle diameter(] | 100, 100, 120 nm[

Incident electron energy[]

~

Incident electron energy - Ei

Conduction band

E2

77 Valence band

Incident electron energy - E2 [ Inner shell level

Fig. 3 Principle of EELS (schematic of energy loss
and transition process in EELS)
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ABSTRACT

Expanding the range of operation of lock-up clutch
(LC) contral to reconcile the achievement of a drive feel
with a directness similar to that available from an MT
vehicle and increased fuel efficiency has become a trend
in the area of automatic transmissions.

The combination of a multi-plate lock-up clutch
torque converter (“multi-plate LC TC” below) and an LC
direct control hydraulic circuit that provide LC control
in response to driving conditions has enabled the
realization of a fine control system for an LC that has
enhanced the response, cooling, and control performance
of the LC.

The application of this LC control system has enabled
the range of LC control to be expanded from the
previous low throttle opening range to the high throttle
opening, low engine speed range. As a result, the time
for acceleration from 0-100 km/h at wide-open throttle
has been reduced by 0.2 sec, and fuel efficiency in US06
mode and actual fuel efficiency have been increased by
approximately 3%.
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Table 1 Test conditions

Measurement point : @
Single-plate typel Multi-plate type
(previous)
ATF temperature (°C) 100
LC transmitted power (W) 3100
Cooling flow rate (L/min) 4
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ABSTRACT

Measurement of electric potential is an effective
means of monitoring changes in the characteristics of the
materials used in fuel cells and of obtaining an
understanding of the internal environments of the cells.
In addition, measurement of the distribution of electric
potential is important for the optimal design of fuel cells.
However, it is necessary to supply hydrogen to
conventional electric potential sensors to obtain a
reference electric potential, and structural constraints
limit the number of points at which they can be used for
internal measurements. A new small, thin-film, self-
hydrogen-generating sensor has been developed in order
to address these issues. The new sensor can measure
potential in any part of a fuel cell stack, and enables
more accurate in-situ evaluation of the gas and water
environments in the fuel cells.

gooogd

oo00o0o0o00o00oO0oo0obO0O0ooOoOooooooco,
gdpoDo0oo0ooooOdoooooboOoooooood
0000000000000 000000000D00O Honda
gdoo0d0oo0o0ooodoooooboOoooooood
oooooooo

JoooooDooooooooooooooooooo
00000000000Fg. 100000000000 00
000000000000ooooooDoodBipolar
Platell 000 O0O0O0OO0OD0ODOODOODO I Gas Diffusion
LayerOGDLO O DD OOOOODDOOODD I Catalyst

gbodr&bOOOO

https://doi.org/10.69239/hondatechnicalreview.2009 21 2 23

Cathodel]

Anodel]

Proton Exchange O Catalyst[] inol
Membranell Layerd ~ Gas Diffusion O Bipolar
Layer(] platel]

(order of 10um)d  (order of 100 um)C]

Fig. 1 Schematic of fuel cell

0 1470



Honda R&D Technical Review

Vol.21 No.2 (October 2009)

LayeICL O O O O O O I Proton Exchange Membrané]
PEMIMO0OOO0OO0OOCOOOOOOOOOOOODOO
oo pooooooooooooOooooooooon
gooooooooooooooOoOoOoDoOOOOOPEM
00o00oooooooooooooooooooooo
oooooog

00000000 oo0oooooooooooooo
oo0oooOooooooooooOoooooooooooo
00o000ooooooooooooooooooooon
oooooooooooooooooooooooooo
000000oo0o0ooo0oooO0ooooooooooooo
oooooooooooooooooooooooooo
goooooooooooopoooo

gobooboooobooobobooobboon
HEN

21. 0000000000

gobooobooboboobbooobuoobobooo
ggobooooobobooobooobbooboboooo
gooboooboboobobooobbooboboooo
ggobooobbouoobobooobbooobbooboo
gooooobobooboobooooobooboobooon
ggoboooboboobobooobbooboboooo
goooooogo

gopoodobooobobobuooobuoobobooo
gooboooooooooboooboooboboooo
000000000000 Fg.2000000000000
gooboooooboobobooobobooobooono
0 0 O I Transmission Electron Microscopell TEMITI O O
goooooboobooooboopPtObbOOoObDbDOOO
gooooobopPtb0bobobooboobobbooo
0o0oo0o0o0oooo0oobOooobooooobooooo
godobobbooboobooboobobooboobooo
gooboooooooooboooboooooboooo
0000o0oo00oooooooooooooooooee

TEM (X 10000QD)
(b) Gas outlet sideld

(a) Gas inlet sidel]

Fig. 2 TEM image of catalyst after start-stop cycle

gbobooboobobooboooboooooooboooboon
ooobobOo0oomoobmomobobbmooo
gooobooboboooooboboobooooooooobooobooog
gbobobobooboooboooobooboboboono
goo

gobooboboooboboobooboboobooobooo
gboboboboooooboooobooboboobooonoo
gbobobobooboooboooobooboboboonog
gboboboboooooboooobooboboobooonoo
gboooooo

22. 00000000040

Fig.3 00000000 DO0OO0OO0O0OO0O0OO0OOoOooOon
gobod oo ptooooboobooobLmo
J0MmooooooobboobD ptOooDbOoobooooo
gboooooooboovob™@boooobobooooo
gooooobobooobboooobooobooooo
0O O O RHE Reversible Hydrogen Electrode Fig. 4[10 O O
Oooo"P s 00000 RHEOD O OOODOOODODOO
gomobooboboooooooooobooboobooo
goboboooobmbmbooobooooboboooo
gboboboobobooomomoobobobobo
gooob0oobooooboobooboobooboooo
goboboodobobooobboobboobobooooo
Jooooooobooobboooboboooboooooo

TEETITE

Fig. 3 Example of fuel cell with RHE

Anode potential

Anodel —A—
electrode
Reference
H, supply
4 52
CathogEEI PEM H, Z2H" + 2e
potential

=\

Fig. 4 Schematic of RHE

Cathode electrode

0 1480



gbobobobooboobooboobobobobooo

gbobooooooobobobobobobooooo

goboooboooboooboomuooobmoobog

goobooooog
gboboobooboboboooboooooooobooon

gooooob0m@momoooD Fg. 300000000

goboooooooobooomoomoooooooboog
goboooooooooboooooooobooboooooon
oooooooooooooooogoogoPPgoooo
goboboobooooooooooooooobooboooooon
gooo
goboboboboboobooobooooooooobooon
gbobooooooboboboboboboboooboo
gbobooooooooobooboobooboboboonog
gbobobooboobooboobobobooo

gboboogoboboooooooobood

gboboboboboboooboobooooobooban
gbooboooooooboboboboboboboonoog
gbobooobooobobobobobobobooo
gobooooooooobooboooooooboboobooooooo
gbobooooooboobobooboo
gomoooog
gboobobobooboooobooooboobobo

gboooobooobboobooooobooobooboo

gboboboooooooboon
gomoooog
gbobobooobooboobobobooobooobooon
goboooobobooooobooboboooboooo
gbooobooobo
gboobobooobooobooboboboboobooogoo
gbobobooobooobooog
gomoooog
gbobmbobopHOOmMOooooooooo
gobobooboooood
gboboooboooooooobooobo

gboboogoboboooooooobood

41. 00000000

Fig. 5 0000000000000 O0ODODOOO
00 Membrane Electrode Assembly0 MEAL OO OO OOO
oooooooooooooooooooooooooog
gooodoooooodoooooooooooood
oooooooooooooog

00o0o00oDo0o0ooooooooooooooo
[ Liquid Crystal PolymefJLCPO OO OOOO0OODOOOO
00oDo00ooooooooooooooooooood

000000oooooooooooooooooooo
oooooOoooOoooOoooooooooooooooo
ooooo

0000 PEMOIOOOOOOOOOOOOOOOOO
0000 ebL 00000000000 OODOOOO0ODOO
oo0o0o0ooooOooO0ooooooooooooooooo
0000000000000oooo0oooDo0o0oooo
goooooooooooooo

00000 Feg.60000000000DODOO0ODOOO
00O 00O O DHE Dynamic Hydrogen Electrode 0 O O O
000000000 ooooooooooooooooo
O00o0oO0ooOoOoOoooUooooooooooooo
000000oooooooooooooooooooo
goooooooooooo

42. 0000000000

goboboobobobooboobooooooooooo
oooooOoooooooDbboOoobO Frg.700D000O
ool MEADOOOODODODOODODODbOOOOOODOO
gobooboooboooboorsoboooooobog
gbobooooooboobobobobooooog

gbobooboboboboooboooboooooooboon
gboobooooooboobUObRrRAEDODDODOOODOO
gbobobobooboooooobooobobobono
gboooobHELD ODODODODOODbOooooboboooog
gbobobobooboooooooboobobobono

cLO (Proton Exchange Membrane)
potential -

MEAD/{

(Membrane Electrode Assembly)

(Catalyst Layer)
GDLO
(Gas Diffusion Layer)

Potential sensor

Film of LCPO
(Liquid Crystal Polymer )

Fig. 5 Configuration of potential sensor

Anode potential

Anode[]
electrode
Reference
H2
Cathode potential { hat
PEMO Power source

(1.4V)

Cathode electrode H,O - H, + 1/20,

Fig. 6 Schematic of DHE

0 1490



Honda R&D Technical

Review

Vol.21 No.2 (October 2009)

Table 1 Anode potential under H, and air condition

H,in

2

83

*At 25°C, atmosphiéric pressure, 100% RH

Anode potential (V) Airin

No H, condition Air condition 1
1 0.01 1.06
2 0.00 1.03
3 0.00 1.07

4
4 0.01 1.05

H, out

Air out

Table 2 Relation between difference of cathode and anode potential and cell potential

Potential (V)

No (a) Anode (b) Cathode (c) (b)-(a) (d) Cell
1 -0.01 0.79 0.80 0.79
2 0.00 0.80 0.80
3 -0.01 0.79 0.80
4 -0.01 0.78 0.79

*At 25°C, atmospheric pressure, 100% RH
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4 8
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ABSTRACT

A lead-free bearing was developed for use in high-
speed and high-load gasoline engines made by Honda.

The development method involved the application of
a new resin coating material with optimized surface
roughness and solid lubricant arrangement ratio to an
existing aluminum alloy bearing surface, which realized
a lead-free bearing.

The new resin coating bearings achieved performance
(seizure resistance and fatigue resistance) equal to or
better than that of the lead alloy plating bearings
conventionally used in high-speed and high-load gasoline
engines.
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Table 1 Bearing specification comparison

Lead alloy platinig

New coating material

MoS; : 72 mass%[]

Material Pb-4.5Sn-8.5In
. > 0,
< Section 3 + 2 mass% + PAI
| Thickness 20um 5+2um
o
20um Surface form -0 (0,0,9) c axis arrangement
Middle line:[
v
lum
Material Ni plating[] -0
(1 m)
300um
2
= Material Cu-3.5Sn-15Pb Al-7Sn-3.7Si-1.5Cu
-
iR Back metal g
5| Material s20C S20C
[S]
@
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Fig. 1 Correlation of sliding velocity and max load

Table 2 Seizure test conditions

Sliding velocity[l 20 m/sO]
Bearing dimension(]] $48 mmQO
Oil temperature(] 80 °CO
Oil pressurel] 0.1 MPal
Clearancell 65um0i
LoadedO 3 kN step-upd
googogo
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Table 3 Fatigue test conditions

Sliding velocity[l 23.3 m/sO]
Bearing dimension(] $48 mmQO
Oil temperature] 100 °CO
Qil flow-late] 1 L/min0
Clearancel] 75 um0
Loadedl] 100 MPa x 300 Hz sine wave[]l
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Table 4 Contamination toughness test conditions

Sliding velocity 20 m/s
Bearing dimension 48 mm
Oil temperature 140 °C
Oil pressure 1.0 MPa
Clearance 60um
Loaded 3 kN step-up
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Table 5 Engine test conditions

Engine 3.7L V6 gasoline
No. ) )
Rotations 6200 rpm*WOT 6800 rpm*WOT
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ABSTRACT

Social demands for increased automotive fuel
efficiency are today increasing. Turbocharged downsized
engines have attracted attention as one technological
means of responding to these demands. Boosting
technology using a turbocharger is effective in increasing
fuel efficiency, but these turbochargers also display a
response delay characteristic known as turbo lag, which
may cause engine performance to decline. This issue
impedes the broader application of this technology. The
research discussed in this paper focused on turbo lag,
and adopted a numerical approach to analyzing the
detailed mechanism of this phenomenon. The study
concluded that turbo lag is a delay in the boost pressure
response that originates from a combination of factors.
The primary factor in turbo lag is a delay that is due to
a physical property of the turbocharger system; the
secondary factor is a decreased turbine effective energy
caused by a shift of operating point, resulting from the
primary factors.
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