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ABSTRACT

For the global environment preservation, the model
has been developed with the objective of reducing CO2
in the exhaust, in other words, sparing on fuel, to 1/2
of Honda’s typical low-fuel-consumption car CIVIC. A
variety of new technologies have been developed on the
basis of new scheme of hybrid power train, e.g. relating
to improvement in thermal efficiency for engine, weight
reduction for vehicle body and reduction of aerodynamic
drag, resulting in extreme fuel economy of 35km/L at
10-15 mode. Also, the exhaust emission attains as low
as 1/2 of 2000 Japanese exhaust emission regulation.
Additionally, due consideration was given to its recycling
capability, safety performance in crash, comfortable
running and the styling to be highly sophisticated ultra-
low-fuel-consumption hybrid car.
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Table 1 Engine specification
Engine type Water-cooled gasoline engine
Cylinder layout In-line 3-cylinder
Bore x stroke (mm) 072 x81.5
Displacement (cm3) 995
Compression ratio 10.8

. SOHC VTEC
Valve train -
4 valves per cylinder

Cam shaft drive train Chain drive
Maximum power (kW/rpm) 51/5 700
Maximum torque  (N-m/rpm) 92/4 800

Improvement of combustion

Magnesium oil pan

Rear exhaust system

Lean NOx adsorbing type
catalytic converter

Fig.5 Main technologies of the engine
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ABSTRACT

“GIORNO Crea” is a scooter with 50 cm?® engine
displacement developed aiming to achieve clean (low
exhaust emissions), economy (enhanced fuel economy),
silent (reduction of noise emission) and toughness (high
endurance). The engine is a liquid cooled 4-stroke type,
and an air injection system, CV type carburetor with
throttle sensor, and so on are adopted it to reduce
harmful exhaust emissions. Moreover, a module
construction divided into three is applied to the engine
for a high productivity. The frame is made of aluminum
alloy die-casting, and applies a module construction
divided into two of front and rear. An idling stop system
is also installed to reduce fuel consumption and exhaust
emissions by means of an automatically engine stop
while the scooter is stopping due to a traffic signal,
traffic jam, and so on.

Volume of exhaust emissions of CO and HC from
GIORNO Crea was reduced to approximately one half
of the limit by 1998 exhaust emission regulation in
Japan, and fuel economy was enhanced to approximately
30% compared with 2-stroke engine scooter.
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Fig.1 External view of GIORNO Crea

Table 1 Major specifications

ltems Specifications
Overall length (mm) 1685
Overall width (mm) 630
Overall height (mm) 1005
Wheelbase (mm) 1190
Vehicle dry mass (kg) 79
. Liquid cooled 4-stroke
Engine type . .
OHC single cylinder
Engine displacement (cm3) 49.8
BorexStroke (mm) 36.0x49.0
Compression ratio 12.0
Carburetor type Ccv
Maximum power (kW/rpm) 3.53/8 000
Maximum torpue (N-m/rpm) 4.51/7 000
Fuel comsumption™' (km/1) 61.4

90/90-10 50J

Tire size  (both front and rear)

*1 at 30km/h constant speed running
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Table 2 Improvement of fuel economy and emissions
(operating cycle: ECE40)

Fuel
economy CO2 CO HC
51% 4.9% 6.9% 3.2%
enhanced reduced reduced reduced
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ABSTRACT

Lightweight and compact GENE21 series generators
were developed. The technology applied to achieve the
required levels of exhaust emission, fuel consumption
and noise, and to provide a stable electrical power supply
with low waveform distortion comprises of four
elements: a high-speed, multi-pole, external rotor type
alternator, a microcomputer-controlled sine wave
inverter, a compact high-speed 4-stroke engine with
electronic speed governing, and a lightweight frame with
a two-level noise-damping system. Combination of these
four elements of technology has achieved 50% less
weight, 25-30% lower fuel consumption, and 7-9dB(A)
less noise than the previous model. The emission levels
of CO and of NOx + HC are also 30% and 65% lower
than the 2000 CARB regulations.
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Table 1 Comparison of specifications with EX900

Model EU9i EX900
Engine displacement (cm?q) 4-stroke OHV 4-stroke SV
Type * 4000 - 6 000
. - 3 000 3 600
Engine Engine RPM ¥¢ 5500 - 6 000
* 52 -57
Operating noise level (at 7m) 61 64
Y 58
AC frequency 50/60Hz 50Hz 60Hz
Max. AC output 1 000VA 850VA 1 000VA
Rated AC output 900VA 750VA 900VA
Momentary 10% max. 15% max.
Generator Voltage variation rate
Stability 6% max. 10% max.
o Momentary 1% max. 10% max.
Frequency varietion rate
Stability 1% max. 5% max.
Wave-form distortion Linear load 5% max. 25% max.
Dimensions L x W x H (mm) 450 x 240 x 380 430 x 285 x 390
Dimensions -
Dry weight (kg) 13 26

* : ECO-THROTTLE ON
¥ : ECO-THROTTLE OFF
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ABSTRACT

Intelligent Community Vehicle System (ICVS) as a
near-future regional transportation system using small-
sized electric vehicles was proposed in order to solve the
problems of urban traffic situations and air pollution.
The two-seater electric vehicle "City Pal" has an
aluminum body for weight reduction and utilized a small,
high-speed motor with advanced Ni-MH battery. Also
control-by-wire is applied to the controls for automatic
driving, steering, and recharging for the intelligent
transportation system.
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Table 1 Specifications of HONDA City Pal

Dimension 3210 x 1645 x 1 645 (mm)
Motor cynahronous mator
Battery Ni-MH

Range 130 km
Maximum speed 110 km/h

Driving system FF

Riding capacity 2
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ABSTRACT

The City Pal, a 2-seater electric vehicle, has been
integrated with the automation technologies for the
improvement of system. In this automation system the
vehicle is a part of the network system. The vehicle in
this system receives commands from the central
management unit through radio communication.
Following the commands the car receives, it turns on/
off the ignition, runs automatically, turns, and stops by
itself. The vehicle, in a sense behaves like a kind of
robot.
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Fig.3 Port location and radio communication range

Table 1 Specification of road-to-vehicle
communication

Frequency band | 2.48 GHz

Modulation Direct sequence spread spectrum
Data rates 2 Mbps

Output power 100 mW

Cover range Up to 200 m

LAN Interface IEEE 802.3 10Base2/5/T
Roaming Seamless roaming
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Fig.4 Event sequences to rent an ICVS vehicles
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Fig.11 Automatic parking system test results

Table 2 Automatic parking system specifications

Lateral deviation +20 mm

Angle deviation +1.8 degree

Velocity 5 km/h (forward), 3 km/h (back)

Elapse time 30 sec
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ABSTRACT

A hybrid system that combined 49cm? four-stroke
cycle gasoline engines with an electric motor was
developed. This hybrid system (Modulated Hybrid
System: MHS) is called a parallel type and switches the
electric motor or the engine as a power source during
running. In the MHS, the electric motor and the engine
are automatically switched, and an external power supply
and the engine power under running charge the battery
that is the power source of the electric motor. Required
driving force, a vehicle speed, and a battery remaining
energy are for the switching control parameters of power
source. A one-way clutch arranged on a transmission
path of engine power switches the source of driving
force. The MHS achieved an excellent acceleration
feeling to a power source switching and a steady output
characteristic to a throttle operation.
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Fig.1 ICVS Step Deck
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Fig.3 System diagram of MHS
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Table 1 Vehicle performance
Motor | Maximum velocity (km/h) 35
Drive | Battery charging distance  (km) 20

Maximum velocity (km/h) 61
Hybrid B haraing di K 40
Drive attery charging distance (km)

Time of 0-200m (sec) 18.4

Table 2 Vehicle specifications

Maximum length ~ (mm) 2400
Maximum width (mm) 1185
Maximum height  (mm) 1690
Wheelbase (mm) 1580
Tracks (Front/Rear) (mm) 1010/1 040
Weight (kg) 370
Tire size 125-80R10

Table 3 Hybrid unit specifications

Type 4 cycle, Water-cooled
_ | Displacement (cm?3) 49

Engine -

Maximum power (KW/rpm) 3.9/8 500

Maximum torque (Nm/rpm) 5.2/5 500

Type DC brush-less
Motor |Maximum power (kW) 25

Maximum torque  (Nm) 16

Type Pb-acid
Battery | Maximum energy (kWh) 1.2

Weight (k@) 41
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ABSTRACT

The new concept of exhaust emission clean-up
system was set and the new catalytic converter has been
developed. That is, adsorb and separate NOx in the
exhaust gas during lean burn operation and make
catalytic reduction for the adsorbed NOx in the
stoichiometric region (or reduction region) to render it
harmless, and reproduce adsorbent at the same time. For
the catalyst, basic mixed metal oxide is used as an NOx
adsorbent which showed better performance in NOx
adsorption and better thermal resistance. The application
of the technique to make fine powder and high
dispersion together with the thermal stabilization process
offered highly reactive property and better thermal
resistance. The newly developed catalyst system has been
demonstrated that it also fully functioned as a three way
catalyst and showed excellent emission clean-up
performance when it is installed in a vehicle.
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Adaptive Sliding Mode Control for Secondary O2 Feedback, A Second Report
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ABSTRACT

The secondary O: feedback using adaptive sliding
mode control, which was one of the effective method to
reduce emission of vehicles, was mentioned on the first
report.

This report placed its focus on compensation for
dead-time characteristic of a catalyst. Prediction type
sliding mode control combining adaptive sliding-mode
controller and predictor, which compensated the
characteristic, was designed and it was applied to the
feedback system. As the result, the performance of the
feedback system on transient condition was improved,
and The LA-4 mode emission was reduced by 33~44%.
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Table 3 Improved ratio of emission between adaptive
sliding mode control/prediction type sliding
mode control and the conventional control

(LA-4 mode)
(%)
CO HC NOx
Adaptive sliding
mode control 7.6 17.1 12.5
Prediction type
sliding mode control 33.1 41.6 437
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ABSTRACT

To evaluate a thermal fatigue life of the exhaust
manifold, it has been shown to apply the restraint ratio
to an evaluation parameter. As it was conformed that a
thermal fatigue life depended on the restraint ratio in
material experiment, authors judged that the restraint
ratio could be applied to evaluate a thermal fatigue life.
It was confirmed that the restraint ratio of real exhaust
manifold could be obtained without difficulty from the
results of strain measured by using a conventional strain
gauge. This was carried out under setting up the
experimental conditions about the temperature of 300°C,
which reproduced the same temperature distribution state
on the exhaust manifold as the full load engine operating
condition. As the restraint ratio actually measured by this
method agreed with the result of endurance test, it was
confirmed that the restraint ratio was a parameter
adequate to evaluate a thermal fatigue life of the exhaust
manifold. And further, as the restraint ratio which was
calculated with CAE agreed well with actually measured
value, it was confirmed that the CAE could evaluate a
thermal fatigue life of the exhaust manifold.

gogoobood

gboboboboooooooboobooboobooban

gboboboobooboooboooooobobmoooD

gboobooboboboobobooooboboooo
gboboboooooboobobobobooooog
gboboboboooooooboobooboobooban
oboboboobooboooboooobooboboboono
gboboobobooboooooooooboboboonoo
gooooboooooooobobbbbbobobooooog
gboboobooooboobobobobobooooobooon

gooooo

gboboobooooooooooooooooooon
gboboooooboobobobobobobooboooo
0000 OooooooooOoDoOoOoOOOO™ CAE

O Computer Aided Engineeringl0 O 00000000000

ooooOoooooOoooOoooeEegppooooooo
ggobooboobbooobooobboobbooon
god
gobodobbooboooboooboobboon
gbooooooobooboboboboboboooboooo
ggboboobooboboobbooboobboo

g 570



HONDA R&D Technical Review Vol.11 No.2 (October 1999)

gobooobobooooboad

gbobobobooboobooobooobooooboobaon
oboboboobooooooooobooboboboono
gbobooboboooboooboooobooboboboono
oboboboobooooooooobooboboboono
gbobooboboooboooboooobooboboboono
gboooboogooobooboobobooooboboog
gbobooboboooboooboooobooboboboono
oooooboobobobobooboobbbboboboboooogoo

CAEDO0O0O0O0O0OonbOoboboon

ggobobooboooboooboboobobooobooo
gbobgobobogobCcCAEDODODODOObOOoOOoononO
ooobobbOooooobobobobboOoOogcAEDD OO

gbobooooooobobobooobooog

ggobobooboooboooboboobobooobooo
gbobooboboooboooboooobooboboboono
ggodoooooooooooobooboboboobbbobobo
gooboboooooboboboboboboboonoo
oboo0doiCAED D 00D OooDooobooboobog

goooo
ggbogoboobooobbooboonoboo

gogbbooboobobooboobboo
gbooobooboboooobooog

goboobooboooboboooboobboobomoon
gboboomooooobooobooobooboooboo
gooooboobobobobooboobbbbobobobooooog
o0o0o00o0o0ooooooOooUooooooooogoe®

R

ooboooboboononoooonobootAe 00
O000D0MEMDOOOFig100ODOOOODOOFRg.200
gboboobobooboooboooobooboboboono
oboboboobooooooooobooboboboonog
gboboobobooboooboooobooboboboono
oooooboobobobobooboobbbboboboboooogoo
Fig.1[||]DDDAEPDDDDODDDDDDDDDDDDD
gobodedbobooobobooobooobboooboog

ooo

bobdmnmbooboboooobooboooooboon
gooooooobooboobobobbbbbobobonooooo

ug

ALtAL

gogboogoobdn =
ALt

ALODOODOOOOOOO
ALtDoooooooooooboobobon

goo

cooling

Energy loss : E

heating \

Stress

Strain

Plastic strain : Ag,

Fig.1 Hysteresis loop in thermal fatigue

Parallel portion
25mm

. P

v

P10
160mm

Fig.2 Specimen for thermal fatigue test

obhoaAe OEOnOOOO0DODODOOOOOOOOO
gboboboboboboooboobooobobobobo
gboboboboboooooobooobobobobo
ooogogooecon7oonOvso0ooooDOOO
gobooobooboooboboobooboobooboo
OO0O0OO0O0OOTable1DFig3DOOOODOOODOFig40O
oo

FigADOOOODOOOOOODOOOOooDoOOOO
gboboboboboooboooobooobobobobo
obooooooooboobo

Table 1 Chemical composition

Element C Si Mn P S Mg
wt% 3.50 3.55 0.18 0.023 0.013 0.039
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Fig.10 Comparsion of temperature distribution
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No.| Manifold type Material Engine type
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3 4-2type-a FCD450S L4 DOHC 1.6L
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8 3-1type-a FCD450S V6 SOHC 3.0L
9 3-1type-b FCD450S L3 SOHC 0.66L
10 3-1type-c FCD450S L3 SOHC 0.66L
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Analyzing Responsiveness of Lock-up Clutch
by Applying Three Dimensional Computational Fluid Dynamics
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ABSTRACT

Three dimensional Computational Fluid Dynamics is
applied for the select of proper turbine holes with the
torque converter. It has been analyzed that a lock-up
delay during the accelation is caused by the decrease of
lock-up operation pressure governed by the reduction of
internal pressure. Consequently ,JJock-up operation range
has been successfully enlarged by the selection of proper
turbine holes.
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Table 1 Torque converter specifications

Hydarulic Turbine holes
diameter Diameter Pitch diameter
232 (mm) (mm) Number (mm)
With
turbine holes 5 5 130
Without
turbine holes None
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Table 2 Test conditions for response time

measurement
Rotation speed of input shaft (rpm) 2 850
Speed ratio 0.85-0.95
ATF temperature (°C) 85
Supply pressure  (kPa) 150

Pressure sensor

({QH “F;

Fig.4 View of torque converter tester
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Table 3 Test conditions for oil pressure measurement

Rotation speed of input shaft (rpm) 1850
Speed ratio 0.40-0.95
ATF temperature (°C) 85
Supply pressure  (kPa) 0
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and oil pressure
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Fig. 9 Pressure distribution around LC
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Table 4 Calculation results of LC OFF side force
156.4 N
960.0 N

Without turbine holes

With turbine holes
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Fig.13 Comparison of oil pressure between
actual measurement and calculation
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Table 5 Torque converter specification
and test conditions

Torque converter specification

(Hydraulic diameter: mm) 232

Rotation speed of output shaft (rpm) 1500 -2 000

Speed ratio 1.1

ATF temperature (°C) 85

4.0

---l--- Conventional
—@— Optimized

3.0

2.0

LC response time (sec)

1.0
1 500 1750 2000

Rotation speed of output shaft (rpm)

Fig.14 Effect of turbine holes optimization
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ABSTRACT

A 6-speed manual transmission used on the front
engine rear drive vehicle has sporty shifting feel, that has
been gotten by the followings.

e The short shifting stroke of 36 mm is provided by
employing independent output reduction gear train
and synchronizer with triple cone surface, that
presents sense of light touch for shifting.

e The direct change construction offers sense of
stiffness for shifting, and the shifting lever with
floating mechanism offers well control of the possible
shifting knob vibration. They both consistently work
and give sense of unity for shifting.

* The proper shape of change gate and the selecting-
load characteristic secure comfortable shifting
operation
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ABSTRUCT

A multi-block flow simulation code based on the
three-dimensional, Reynolds-averaged, compressible
Navier-Stokes equations with a low-Reynolds number k-
e model has been developed to study the tip-clearance
flow of a compressor rotor. In order to assess prediction
capabilities and the effect of the tip-clearance-grid
treatment on prediction for the tip-clearance flow,
calculations using a single-block grid and multi-block
grid have been performed for flow fields of NASA Rotor
37. The results are compared with experimental data.
Furthermore, in order to investigate the tip-clearance
flow for different operating conditions (transonic and
subsonic conditions), calculations have been used. It was
found that the calculations using a multi-block grid
captured important physical phenomena near the blade
tip associated with the tip-clearance flow with good
accuracy.
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Fig.1 Turbofan engine

Table 1 Engine specification

Engine type:

Two-spool turbofan

Maximum take-off thrust:

1800 Ibf at 77°F

Fuel consumption (at take-off):

0.45 Ib/hr/lbf

By-pass ratio:

4.3

Dry weight:

192 kg (423 Ibs.)

Maximum diameter:

710 mm (27.9in.)

Overall length:

1180 mm (46.3in.)

goboooo

gbobobobobobobobooooooooo
gogboboobbooobboobbooboboooobon
gboboboboobooobooobooobobobono
gobodobboobooboooboobbooboo

a0 I 1 9%
— +

=— +H ood
or & Re 0¢;
gooa
p PU;
| P puUi+ G
o=—|pu, |, S = 7 pusU; +8;,p
/ pu, pusU; +8;3p
e (3+P)U§'
1
0 0
SijT1)
| L p ) 0
S§4=7 5,-‘/’72/‘ R :7 Qx, +2Quy,
éi,j73j sz3—ZQu2 ood
éi,j(rjk”k +qj) 0
o= L pwu -y ooo
y-1 2 11
2 ’_7
T;= U ui,j+uj,i_§5ijul,l - puju; oo

O00RrRO0DODO000ODOODOO0OOODOODDOOOODODO
xO00000000800000000&,0 Ey= 08/ dx 0
O0000000p0000w 000000000000
0o000o00ubh00odogs00b0pO00OOoOO0O0O0
O000000e00000O00O0O0O0O0O0O0O0OOgDOO
00w ooooooooouwbDbbbObbObODbbo

000@Mo0Mmoo00oooo0ooooooooooo
gbdoboooboooboooouooobooooooooa
O0@M'mo00o0oo000ooooooooooooo
gbdobooooooboooouooobooooooooa
00000000 00ooDoo0ooooDooOooooon
BussinesqU OO0 OO0 OO0OOOOOO

— 2 2
—puju’; = ﬂT(ui,j"'uj,i_;sij“l,l)_ ;5ijkae oon

k
HTZCuf#p?'Re ogo

0000wO00000000000000MMO0MmMO
O0MO0000D0000000@®OION00000(e)00
Chien'00000000000000000000000
000000 k0 ¢00000000000000000

W Wy | By

S + & Re O + Hyp ooo

gson



gobodobboobuooboooboobbooboonoboon

oooo
pk 1 | PKU
r= ’ TE. =7
pE i J\ peU
T ok
u+— 19
1 ( ] o,
S, =—
&
by, 2
H o, ij 85,.
2tk
1 _ps_‘i
Hr=7 e 2fue ooo
cG-C £_ZLLHEE
Tl ape) - S Re

Ub0dg;00000000cODOOOO0OO0O000n
gbooboooooooboobob

" ox, | ox, oo

1 —— o,
G=—— pulpu/ -2
oo PU! p,gx

el

gobodobooobooboobbooboo

2
uu) 5 Pk, 0100

6, =10, 0,=13, ¢ =135, ¢, =18, C,=0.09,

36
f;=exp(-0.5y") o1

2
f.=1-exp(=0.0115y") , fz_l__gexp[_ij

gobbOrR0000DOO0O0DOyouoobDw-00O
gbooooooooobonb

k2
R, = PX_Re 0120
ue
T=pu,d/u-Re 0130
u. =t /p 0140

obobobobOomooobooboooooooo
000000000000 O0O0O0DOO0O00DOOPulliam
andChaussee 00O ADIOOOODOOODODOOODODOOO
goobooooo MuscLTVDOOOooTvDOOOOO
000 VanAlbada Limiter 000000000 OCO0OOO

goooooooboobobobobobobooobooon
goobooboboooooooboobobobo

gboboboboomuomooooooooooon
gooboooooboobobobobobomomoo
gboooooooboobobobobobobooobooon
goboooobuoobobouobobokbepoboononO
gbooooooobooboboboboboobooobooon
gooooooobooboboboboboboooooo
gooooooooooooooobooboobbbobobon
gbhoobooboobboobooobobooobD kbeg
gooboooooobooboobobobomomoooon
gooooooobooboboboboboboooooo
o0o00oo0ooooUooOoUoooooo"oooooo
god

gogodgo

OO0OOOONASARotor370 00000 OASME/ IGTIO
O00000O0OCFDassessment" 0 0000000000
gooooooooboboooooooooooooooo
000000000000 0000DODOONASARotor 37
000000000000000000O0NASALewisOODO
OgooooooboooOooOoooooooooooooa
0000d0o00oOooogoo3sdoooooon 20.19kg/
sOd0oQd 211060000 171887rpmi 00000 gng
00000000000 20.93kg/s0000000O 0.356
mmOOO00000000000O00000O0000000O
0000000 D0O0000D0DO0O00CFD assessmentld
0000000000000 00000000 Suderd 200
gooboooobooboooooouoLbvoooooo
O00Fig.20O0O0

gooogd

000 00 Station 10 0 0 O O O Station 40 O [ Fig.20
0DMO0O0000000000x<-0264cmd0000x >
4521cm00000000-0.264cm=x=<4521cm0 000
0oo0oooo

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000141000000081000
00510000000 5824710 0000000008000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00 O00Fig.3(a0 000

gsin



HONDA R&D Technical

Review Vol.11 No.2 (October 1999)

Aero performance Laser anemometer spanwise Aero performance
data survey sections data
Stn 1 I Stn 1a 2 Stn 3 Stn 4a|€tn 4

o | Laser anemometer
= Shroud Blade-to-blade
o Survey planes
© e ———— 95% span
o Gl
© \ 90% span
©
é \70% span
o \50% span

l 30% span

Hub I"/F
-4.19 Xe0.26 X=4.521 10.67
| —
=0 Axial direction, X

Fig.2 Meridional view of Rotor 37 geometry showing locations at whichexperimental measurements were made
(Suder, 1994)

apael !
RARRAARARRYLA
\““‘\\\Q\\\\\\\\\\\\\\m

e
Wi
i
s
T E T
i
—

R

Sl
(a) Overview ’

SS : Suction Surface of blade
PS : Pressure Surface of blade
LE : Leading Edge

TE : Trailing Edge

(b) Partial view of LE (c) Partial view of TE

Fig.3 Computational grid for Rotor 37

00000000000000000000210000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
O0Fig.3b) 0 0000000000000000H-typeD
000000D000000000000000O0Figs.3(b)0
30000000000000000000000000
00000000000000000000000000
0000000078000000000000000021
000000000000270000000000000
0442260 0000000000000000000000
000000000000

0000000000000000Oked000000
0000000000000000O0y<10000000

0000000000000 000ooooooox 1080
00000000000 00000ooDooooOogx w000
oono

ggoood

Oo0O00OD0OO0O0O0OOrnoslipbO0ODOOO0OOOOOO
O0000000000kOO«O00ChienDODODOOCODDO
gooooooooobobbbbobbobboooooooo
gobogobbooobooobooobboooobo
gobooboooboobobooboobboobboobbgdbDe
gobogobbooobooobooobboooobo
gooooooooobobbbbobbobboooooooo
gobogobbooobooobooobboooobo
O00000D0O0O00DO0OO0O00O00DOkOOe000DO
gobogobbooobooobooobboooobo

g 820



gobodobboobuooboooboobbooboonoboon

gboboboboboooooobooobobobobo
gboboboboboooooobooobobobobo
gooooooobobobbbbobbobboooooooo
gbooboooooouoboboboboobooogoo

goodggo

gbobooogog

Fig4DOODOOODOOODOOOODOODODOOOODOO
gooobbooooooooobooooooooboobooboooo
gooobobooooooooobobooooooooboobooo
O0000000D00000D020.77 kg/sec00000
Fig4(a)DOODOOOO0ODOOOOOOOODOOOODOOD
gooobbooooooooobooooooooboobooboooo
O000OFig4(b) DO 0000000000 0OOOODOOO
gooobbooooooooobooooooooboobooboooo
gboboboboboooooobooobobobobo
gooobbooooooooobooooooooboobooboooo
O000000OOFg4(c)oO0OO0OOO0O0OOOOODOOO
gobogessguploobgbboobobooobooobon
gooobobooooooooobobooooooooboobooo
gooobbooooooooobooooooooboobooboooo
goboobooboobooobooboooboobooon

Fig.50 Station40 0000000 OOOOOOODOOO
0000000000000 Figs.5(a)-5(c)0 0000040
OgooooooboooOooOoooooooooooooa
gooooooooboooooooooooooouooo
go4000000000000000000000O0OO0
000000000 ODOHah and Loellbach®H1 Shabbird =2
Jdo00oO0ooO0DOobOdOHahODOOOOOODOOODOOO
goooboooooooboooooooooooooooo
O0D0DO0o0oO0O0sShabbird DOO0OOOOOOOODOOO
goooooobooobooooooooooooouooo
gooboododdddoooooooo

gbodooboobouoooooooooooooood
OgooooooboooOooOoooooooooooooa
goooooobooobooooooooooooouooo
OgooooooboooOooOoooooooooooooa
goooooobooobooooooooooooouooo
40000800000 O000O0O0O0O0O0O0UUOOoOoa
goooooooo

ddddddddddddddddUddUUogogaa
goooooobooobooooooooooooouooo
OgooooooboooOooOoooooooooooooa
goooooa

2.2 0.96 1.3
 |ed L @ 0.94 0 1.29
2.1 )g_% - - O Experiment = .% I
L 9 0.92 @ Single-block grid o
2 e 5 B Multi-block grid o 128 &
x 2.0 L S L a
p | = 0.90 g 127 On
2 O Experiment 2 0.88 I o 8 ?.
@ 1.9 [— @ Single-block grid g @ § om
& B Muiti-block grid 3 i j L1426 o
2 0.86 '% g O Experiment
1.8 " o F 1.05 || @ Single-block grid
| 0.84 : B Multi-block grid %
1.7 0.82 . . . . . . 1.24 ‘ ‘ ‘ L
90 92 94 96 98 100 102 90 92 94 96 98 100 102 90 92 94 96 98 100 102

%SPAN

100

Nondimensional Mass Flow Rate
(a) Total pressure ratio

Nondimensional Mass Flow Rate
(b) Adiabatic efficiency

Nondimensional Mass Flow Rate
(c) Total temperature ratio

Fig.4 Performance map of Rotor 37 at 100% speed as a function of mass flow rate

100 —8—my

100

80 80

80

60 60

%SPAN

60

%SPAN

40 | O Experiment
@ Single-block grid
B Multi-block grid

40

O Experiment —
@ Single-block grid
B Multi-block grid

40 O Experiment
@ Single-block grid

B Multi-block grid

20

20

0
1.8 1.9 2 2.1 2.2 2.3

Pressure Ratio, Pt4/Pstd
(a) Total pressure ratio

0
1.24

1.26
Temperature Ratio, T4/Tstd
(b) Total temperature ratio

1.28

20

0 l o= o 9 =8 B8

1.34 0.6 0.7 0.8 0.9 1
Adiabatic Efficiency

(c) Adiabatic efficiency

1.3  1.32

Fig.5 Spanwise distributions of pressure ratio, temperature ratio, and adiabatic efficiency

at 98% mass flow rate at 100% speed

0830



HONDA R&D Technical Review

Vol.11 No.2 (October 1999)

O0000000000oOn
00000000000000
000000000000000001000000000
00000000006000000000000000
000000000000000000060000000
00000000000000000000000000
0000000000000000000000000
Figs.6(a)0 6(b)0 1000 000600 D 000000000
00000000000000000000Fig.6(a)d O 100
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000 Chima® 00000000 Baldwin-
Lomax0 0000000000 000000000OO0
00ooooo

Rotating direction

PS

Reattachment line

Separation line

(a) 100% speed

LE Main flow

SS‘
2

Clearance flow

00060000000 MFig6bl 0000000 O0D
00000000000000000000000000
000000000000 00000000000000
00000000000000000000000000
006000000 0NONDDNDNDNOOO00OO0ONONOO
00000000000000000000000000
0000000

Fig.7(a)0 O Fig.7(p)0 1000 0 000600 0000000
000000000000000100000000000
Fig.6()0 0 0000000000000000000080
000000000000000000000000 00
0000006000000 00000000000000
000007000000000000000Fig.6(b)0 00
000000004000000000000000000
000000004000000000000000000
0600 000000000000 0O00ONO0ON0OOO
000000000000 00000000000000
0000000000Fg7()00MOMONoNoo

Rotating direction
LE Main flow

Reattachment line

Separation line

(b) 60% speed

Fig.6 Flow pattern near leading edge on blade tip surface
in the form of limiting streamlinesand leading edge vortex

SS : Suction Surface of blade
PS : Pressure Surface of blade
LE : Leading Edge

TE : Trailing Edge

Pressure
m1.000

IO.OOO

LE
(a) 100% speed

Pressure
PS

1000

IO.GOO

(b) 60% speed

LE

(1) Trajectory of particles released near the leading edge of the blade tip
(2) Another trajectory of particles released near the leading edge of the blade tip
(3) Trajectory of particles released at 60% chord of the blade tip

Fig.7Flow pattern on blade tip surface in the form of limiting streamlines and tip-leakage vortextrajectories

0 840



ooooooooooOoOoOoOOOOOOOOOOOOOObOOO

ooooooooooooooooo

Fig.gd1000 0600 000000000009 OOO00OO
ooooOoOOO0ODOO0OO0OO0O00O0000Fg.7OOO0O00OO
oo0o0o0oooooooOoooleobbonoooooooon
O00o00o0o0o0ooooooooooo®gooooo
oooooooooooooooooobooOooooon
oomomoooooooooooooooooooo
O000O00OSuwderO* 0 0000000000O0O0O0OO
oooooooooOO0oOO0oOooOOoO0O0oOooOoonooo
ooooooooooooooooooooOooooon
ooooooooooooooooOOoOoOooboOoOoooono
Oooooooooooooooooooomooom
ooo

60000 @M Fig8bmO0O0O0O0O0O00OO0O0O0OODOOO
O0@MOomoooooooooomomonooesn o
ooooooooooooooooooooOooooon
O00000000mMOmOSuder "M O0000000
ooooooooooo

gooooooobooooboo

gbobobobooobooobooboooobooobooooon
oobooooooooooobooooobooooooooDo
gboboboboboooooobooobobobobo
oobooooooooooobooooobooooooooDo
gboobooooooooooobab

Rotating ‘

directiol

0000000000000
Fig.o0 01000 0000000000000000000
000000MO0000000000000000000
00@MO0O0D000000000000000000.0
Fig.9@)0 09(gI 0000000 0N0N0N0N0N0N000ODO
00000000000000000000000000
30000000000000000000000000
10000000000000000000000000
0000000000000000D0000000000
MFigYaMO00000000000000000000
0000000000000000D0000000000
00000000003000000@MFigMOOO0nn
0000000000000000D0000000000
00000000000000000000000000
0000000000000000000050000
OFig.9c 0000000007500 000 M Fig.9d O
0000000000000000009000000
OFig.9eM 01000 0000 MFig 000000000
000000001100 0000MMFig9gMOOOOOO
000000000010000000000000000
OsuderD®000000000000000000000
oo
000000000D0000000000000000
00000000000000000000000000
00000000000000000000000000

4

Rotating
direction

A

(b) 60% speed

(1) Trajectory of particles released near the leading edge of the blade tip
(2) Another trajectory of particles released near the leading edge of the blade tip
(3) Trajectory of particles released at 60% chord of the blade tip

Fig.8 Tip-leakage vortices and relative Mach number contours with interval of 0.05 at 95% Span

gs8sh



HONDA R&D Technical

Review Vol.11 No.2 (October 1999)

gboboboboobooobooobooobobobono
gboooooogo

0000000000000
0006000000000 20000Fig.1000 0 0100
0000000 Fig10all 001000 000000000
00000000000000000000000000
000002000 Figi0blD 000000000000
00000000000000000000000000
00 Figs.7(p)J8(h)0 0 D0 M 000000000000
00003000000 M@MFig10cM 0000000000
000000000500000MFig10ddDO00000
000000000000000006000000000
00000000000000000000000000
0000000006000 000MFig.10eOOO000
00000000000000000000000000

Rotating
direction

PS 50

110%
100%
90%
75%
50%

30%

10% chord

000800000 MFig10fI 00000000000
0000000000000 O0O0OO0O0 Figs.7(b)d 8(b)0 O
000000MOMO0000Fig1000000000
00000000000000000000000000
00000000000000000000000000
000000000000000001100 O [ Fig.10go
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
OO00SuderD0° O O0000000070000000000
00000000000000000000000000
00000000000000000000000000
0D00e0000000000000000000000
0000

PS 50 50

SS PS
A

&

SN RN

50

|

(d) 75% chord plane (e) 90% chord plane

(f) 100% chord plane (9) 110% chord plane

Fig.9 Computed secondary flow vectors along the cross flow planes at 100% speed

PS 50

Rotating

50

direction

100%
span

90%

80%

70%

(d) 50% chord plane

(e) 60% chord plane

(f) 80% chord plane

(g) 110% chord plane

Fig.10 Computed secondary flow vectors along the cross flow planes at 60% speed

086l



ooooooooooOoOoOoOOOOOOOOOOOOOObOOO

(a) 100% speed

(1) Leading edge vortex

(b) 60% speed

(2) Second vortex occurring at 60% chord of the blade tip

Fig.11 Trajectories of the leakage vortex cores identified using a semi-analytical method
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ABSTRACT

The practical method of a numerical simulation,
which predicts the thermal environment of the car cabin
under the varying conditions of car air-conditioning, has
been developed. The coupled analysis of solar radiation,
long-wave radiation, heat conduction through the
materials and CFD (Computational Fluid Dynamics) was
used in this method. Using a simplified cabin model,
ventilation inside the instrument panel and air leaks from
the gaps of interior parts were incorporated. The
condition of artificial solar radiation in the laboratory
room was also studied. The numerical targets of the
simulation accuracy on the thermal environment factors
were determined by considering both the experimental
error and the range of human perception to the thermal
factors experimentally. The simulation results have met
the numerical targets and the validity has been verified
by laboratory test correlation.

gogoobood

gboboboboooooooboobooboobooban
oboboboobooboooboooobooboboboono
gbobooobooobooboobooboobmooboo
gobomoooooobobobooobooboooboo
gboboboboobooooooobooboboboonoo
oboboboobooboooboooobooboboboono
gboboobobooboooooooooboboboonoo
gboboobooboooooboooobooboboboono
gbobooboboobooooooobooboboboono
0000000000000 0DO0OOFgiDOOODDO
O00000000D0O000DbO0OFg20000000
oboboboooboooooboooobooboboboono
gooooooobooobooboobobbbboboboboooooo

oooboooo
oboobomoo

https://doi.org/10.69239/hondatechnicalreview.1999 11 2 13

gboooooooooboboboboboboooboooo
gooooooobooboboboboboboooooo
gboooooooooboboboboboboooboooo

Solar radiation

Transmittance
Radiation from

==
boundary surface”™  —~——
_ - Heat transfer

through the cabin wall

Reflection

The circulation
of airflow

Air-con system
Metabolic heat
Heat accumulated to cabin

Fig.1 Heat transfer model

0 89n



HONDA R&D Technical Review

Vol.11 No.2 (October 1999)

Fig.2 Image of interior airflow
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The cabin wall having complex configuration is
simplified to uniform laminate configuration.

Fig.10 Heat transfer model through the cabin wall
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The airflow leak area of cabin is allocated
as shown as above to reproduce the airflow
passage of actual car.

Fig.11 The distribution of airflow leak area
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Table 1 Analytical cases
Case 1 2 3 4 5 6 7
. . Non-iso. Non-iso. Non-iso. Non-iso. With chassy/
Simulation Iso. Iso. dynamo solar
L Rec. Fresh Fresh Fresh >
condition Rec. Fresh . ) ; ; load 930W/m
Cooling Cooling Heating Bi-level Rec
Ambient temperature (°C) 25 40 0 15 40
Chassy dynamo
air speed (m/s) 11.1 (40km/h)
Footx2
Location of Defrostx 4 Both of cooling
ventilation outlet Vent Side defrostx2| and heating Ventx 4
Rear foot X 2
Airflow rate of
ventilation (m¥s) 0.1 0.1 0.042 0.1
Average temperature of Fr.46.1 Vent19.5
outlet (°C) 25.0 75 195 Rr.36.6 Foot32.7 6.9

Iso.: Isothermal, Non-iso.: Non-isothermal, Rec.: Recirculate mode, Fresh: Fresh air mode, Fr: Front, Rr: Rear
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by Simulating Actual Vehicle Suspension Behavior to Test Rig
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ABSTRACT

The developed process accurately determines the
durability of suspension bushing by rig test. The multi
axial forces, which will be loaded to suspension during
vehicle endurance test, are applied to the suspension
assembly to be tested, using the hydraulic three-axis road
simulator controlled with non-square matrix. The

damages of bushing are analyzed with the multi-
dimension histogram and evaluated. It is possible to
evaluate the durability of suspension bushing in shorter
time with the accuracy equal to that being gotten in long
term vehicle test.
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ABSTRACT

A platooning system, in which vehicles follow a lead
vehicle without the road infrastructure, by combining
radar sensing systems and the platooning system with
inter-vehicle communication and navigation system has
been developed. It tracks automatically the trace line of
a lead vehicle. The maximum of five vehicles including
a lead vehicle with the minimum vehicle-to-vehicle
distance of 2 meters run at the maximum speed of
100km/h. The accuracy of tracking control was within
+0.3m in the longitudinal direction and +0.2m in the
lateral direction.
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ABSTRACT

In order to prevent possible injury of an occupant on
the passenger seat when the side airbag deploys, we have
developed the seating occupant position detecting
system. It detects the occupant's head entered into the
range of airbag deploying zone. And, if so, it transmits
signals to cancel the airbag activation to the airbag
control unit, which is connected with the system two
way, upon lighting on the side airbag indicator at the
meter cluster to alert the occupant being improper
seating position. It detects the size of seating occupant
and defines if his head enters into the range of side
airbag deploying zone using the occupant identification
algorithm and some electrostatic capacity type sensors
under the covering material of seat which determines the
existence of dielectric around the seat surface.
Accordingly, it provides highly accurate detection of
occupant's seating position inappropriate against the side
airbag without any design change of interior items and
no affection to the seating feel.
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Fig.5 Photograph of OPDS components
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Table 1 Correlation judgement table

Standard pattern
(Child bﬁ%ﬁg‘?y @Middle b%ﬁgg'jy ®Adult e
2 3 4 5
3 4 5

3 1 =2 4 5 Middle
4 2 1 3 5 Middle
5 3 1 4 Middle
5 4 p= 1 3 Middle
5 4 3
5 4 3 2
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Table 2 Judgement results for several occupant size and sitting posture

OO00000000DOO0O00OO00DOTable30O000O
gooooooobooboboboboboboooooo
gbooooooobooboboboboboobooobooon
goooboobobooooog

Sitting Occupant Adult® Adult® Adult® Child® Child® Child® Child®
osture (Height) (172cm) Small Small 9years 7years Syears Syears
P (154cm) | (149cm) | (134cm) | (123cm) | (114cm) | (101cm)
Adult Child
Requirement Adult Adult Adult or or Child Child
Standard Middle Middle
Result OK OK OK OK OK OK
Adult . . .
. Sleeping | Sleeping | Sleeping
Lightly Requirement Adult Adult Adult Mlgzjl child child child
declining ladle
Result OK OK OK OK OK OK
Adult . . .
. Sleeping | Sleeping | Sleeping
Deeply Requirement Adult Adult Adult Mlg:ﬂ child child child
declining \ddle
Result OK OK OK OK OK OK
Table 3 Verification results for several type of clothes
Occupant Mode Requirement Result
Standard Adult OK
Adult Ski wear Adult OK
(Large) Down wear Adult OK
Shield wear (%) Adult OK
Standard Adult OK
Adult Ski wear Adult OK
(Small) Down wear Adult OK
Shield wear (%) Adult OK
. Standard Adult or middle OK
Middle
+ Lightly declining Adult or middle OK
Down wear
Deeply declining Adult or middle OK
. Standard Child OK
Child
+ Lightly declining Sleeping child OK
Court wear
Deeply declining Sleeping child OK

(%) The cloth of the conductivity to defend an electromagnetic wave.
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ABSTRACT

“Step Deck” is a 4-wheeled hybrid vehicle with a
single seat developed for the ICVS (Intelligent
Community Vehicle System) which is proposed as a new
urban transportation toward the 21st century. In spite of
the light weight and small sized vehicle, the occupant's
protection at the collision was considered as one of the
emphasis targets, and was set to apply to the occupant's
protection standard for passenger car in Japan.

Applying the forecast technologies using CAE for
crashworthiness, the following vehicle construction was
completed and the target on occupant’s protection was
achieved.

* Construction of the crushable front frame which can
absorb the collision energy and secure the absorption
stroke.

e Under frame construction producing suitable
deceleration characteristics of vehicle body based on
the coupled behavior analysis of the body and driver.

e Occupant’s restraint system based on the analysis
results using the sled model of cabin.
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Fig.1 Step Deck
Table 1 Specifications of Step Deck
Item Specifications
Dimensions (L x W x H) (mm) 2400x1185x 1690
Maximum speed (km/h) 60
Vehicle curb weight (kg) 370
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ABSTRACT

For the purpose of the examination of efficient and
quantitative Vehicle Road-Noise countermeasure of high
frequency range, we enforced the full model analysis of
the actual car by using Statistical Energy Analysis
(SEA).

And we could verify the validity of SEA method by
directly comparing experimental results with the
prediction results about the actual car.
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The Building Block Approach (BBA) method was
applied to powertrain of a small passenger car and the
attached components, to predict second order vibration
change. Utilizing direct measured transfer function of a
engine under operating conditions, estimation was
significantly improved. Moreover, BBA sensitivity is
formulated and it was applied to reduce radiation noise
from the engine block. Computation was realized by
programmability in commercial FE code, and a pre-
processor program was developed to improve efficiency
in transfer function data input.
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ABSTRACT

The thixocasting technology of integrated processes
that include continuous casting with stirring, heating and
casting has been developed. The technology has allowed
the production of large sized, thin walled and high
quality components. It was applied to a joint component
of an aluminum space frame and a rear out rigger which
are a large sized casting components for the body of
automobile. The developmental objectives are shown
below;

1) A large sized thin walled component for the reduction
of weight.

2) The necessary strength by the T5 process without any
remedy after the T6 process.

3) Satisfactory inside and surface qualities, and the
capability of welding.

The thixocasting technology to rear out rigger
presents an advantage of 20% lighter weight than that
produced by the conventional casting such as GDC and
LPDC.
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Table 1 Chemical composition of alminum alloys (wt%)
Si Mg Cu Fe Zn Mn Ni Ti
A356 6.5-7.5 0.2-0.4 <0.20 <0.20 <0.10 <0.10 <0.05 <0.20
A357 6.5-7.5 0.4-0.7 <0.20 <0.20 <0.10 <0.10 - <0.20
A6061 0.4-0.8 0.8-1.2 ]0.15-0.40| <0.70 <0.25 <0.15 - <0.15
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Fig.23 Distribution of Si in a-Al of LPDC

3.00

2.50
2.88
1.58

$
s
{
1

1.008

0.58 -

8.08
mn 0.008 0.810 8.0828 8.830 0.849

3.08

2.58
2.89
1.58

1.08
8.58
8.00

3.08

2.58
2.00
1.58
1.08 bt

.50

.00
mn 2.0e 9.82 8.84 0.@6 .88 0.10

c. Billet

Fig.24 Distribution of Si in a-Al with each process

o
o

—_
()]

AN

o
o

O.O\\\\\\\\\\\\\\\\\\\\
400 450 500 550 600 650

Temperature (°C)
Fig.25 Content of Si in a-Al at each temperature

Content of Si in o-Al(wt%)
o

gbooobobooobooboboobzo00000bDOO
goboooboooLrpDCOOUOODOOODOOO4000
gbooooboboboooobooboboooooo
Fig.250 0 000000Si0C00000O0O0OooooOoog
goosioooooboooOooOoooooobDboooooo
OooogoggLpbCcOosidooooOo4o00000000
ooosibooooobooOoooooOoobDboOooooo

gboboooo

O00000000000DO00D0D0O0000OFig.260
gooobooooooooobooooooooboboooooon
goboboooooooobooooooobobobooooooo
gooobooooooooobooooooooboboooooon
gooddoooooooooobobooboobbobooboboo
gooobooooooooobooooooooboboooooon
Fig.27000D000O0ODOOOOODOOODODOOOODOOO
gboooooebcoLpbCOObDOoOobDOHPDCODOONO
goo0gd1/0000000000DO00OO0DOOODOOO
OO000D0OC0OO0O0O00DOcc/100gAIDO000ODOOO

gbobobobooooooooooooooooon
gbooboooooooboboboboboboooboooo
goooooooooboboboboboboooooo
gbooboooooooboboboboboboooboooo
goooooooooboboboboboboooooo
000oOo00obO0oO0oDOOoOoO0DbObOOO0Fig.280000
Fig.280 00 0000D0ODOO0ODOOOODOOOOODOOO
000OoO0O0o3000A000000000000000O0
J000MOo0o00oo40A0000000000000
100A0 000000 M00000mMOo00ooogog
goooooooboobobobobobooboooooo
gbooooooobooboboboboboobooobooon
goooooooboobobobobobooboooooo
00130A000000000000D0000000000

\D
C/MBR, MID 0 1.5t
\.l 1.5t

FRAME, RR

OUTRIGGER, RR FRAME O 3.0t
3.5 SILL, SIDE

Fig.26 Weld parts with rear outrigger

100

[ ]

10

Content of gas (cc/100g)

0.1

LPDC Thixo HPDC

Fig.27 Comparison of gas content

0 1570



HONDA R&D Technical Review Vol.11 No.2 (October 1999)

Tensile strength of weld

Joint efficiency =
y 0.7 x Thickness of upper plate x Width x Tensile strength of the parent metal

120 1 EEEEE [ [ T ITT1I0 [ [ T [T]
Griding Shot blast As cast used mold As cast used

100 treatment i treatment — Crelease agent with mold release |
—~ \ denatured silicone agent with talc
<
= 80
2 ¥ /
S °
(0]
‘6 “““\4
£ 40 I
S

20

0
10 100 1000 10000

o

Thickness of surface film (A)

Fig.28 Relationship between joint efficiency of MIG weld and thickness of surface film

goooo 0 OChai, G., Rolland, T., Arnberg, L., Backerud, L.: Studies
of dendrite coherency in soldifying aluminum alloy melts
000000000000 Oooooooooooaon by rheological measurements, Proceedings of the Second
00o0o00ooo0ooooooooooooooooo International Conference on the Processing of Semi-Solid
0000000o0ooOOooDOOobOOooooogn Alloys and Composites, p.193 (1992)
O0ooooOoOooooooo3smmooonooooa O OSaunders, N.: Computer Aided InnoVation of New
Jo0o0o0oooboobooomebcoLpPbCcgon Materials 2, p.731 (1993)

go00d0noOo0oOoooOoOon
gbobobooooobooobooboooo
gbmooboobobobobooboboboboban
gboobooooooboobobobobooooonDog
gbmoooobobobooboobobobobobon
gbooooooooboboboboonbogoono
gbmogoboooogTstoobooboooooboooboan
gboboboboboboboboboboboo
gboooooooboboboobooobogn
goboboboboobooboooooobooooboooboon
gbobooooooobobobooobooog

oooooon =~
4
O OFlemings, M. C., Riek, R. G. and Young, K. P.: Rheocasting ?
Processes, International Cast Metals Journal, vol.1, p.11 oooao oooaono Oo0oao
(1976)

O O Moschini, B.: Manufacture of automotive components by
semi-liquid forming process, Proceedings of the Second
International Conference on the Processing of Semi-Solid
Alloys and Composites, p.149 (1992)

0 O Mehrabian, R., Flemings, M. C.: Die Casting of Partially-
solidified Alloys, July-August, p.50 (1973)

gogao

0 1580



https://doi.org/10.69239/hondatechnicalreview.1999 11 2 22

g

Oooooboooboygof0ooonooonond
Joodbootdogd

Analysis of Pitting Corrosion Growth Behavior of Aluminum Condensers and Establishment of
Corrosion-Resistant Evaluation Method

goooooog®n
Mitsuhiko UEKI

ooooooog®
Masataka KUMATA

godd

gbobobobooboobooooooooooboooboon
goooooooobooboobobbbbbooboooooo
oboboboobooboooboooobooboboboono
gboboboboobooooooobooboboboonoo
gobobomoooooomoobooooooboooooo
gooooobooobooobooobobbbboboboboooogoo
obobooboooboooooboooobooboboboono
gboboboboobooobooooboobobobooo
oboboobooboooooboooobooboboboonoo
gbobooboboobooooooobooboboboono
obobobooboooooboooobooboboboono
gbobooboboobooooooobooboboboono
gboboooobooboboboooog

ABSTRACT

The purpose of this investigation is to establish an
evaluation method of corrosion resistance on the
aluminum condenser of an automobile air conditioning
system under actual conditions. Based on the statistical
analysis with the corrosion data on several condensers,we
found the mechanism of pitting corrosion of aluminum
material consisting of two processes. The first process
is a generation of pitting nuclei, and the second is pitting
growth. The acceleration factors of corrosion of the two
processes are different in nature. Generation of pitting
nuclei in the first process can be accelerated with ion
concentration cells by repeated wet / dry cycles. Pitting
growth in the second process can be done by keeping
the pitting in an acid condition. Because it was
impossible to get a good result in acceleration with only
one condition for two different factors, we decided to
switch over the test condition, from one to another, in
the middle of the test. Thus, a corrosion test method
with higher acceleration could be obtained, resulting in
revealing a similar corrosion morphology to that found
in the market.
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Fig.1  Aluminum condenser
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. Stuck .
Ingredient Analysis method
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F 96 EIEI)A

CI- 4710 7
NO; 0 0.0 lon chromatograph
SO,> 833 3.8

Na 3777 Wa

K 309 1.4

Mg 105 0.5 Inductively coupled

Ca 337 1.6 plasma atomic emission

Al 2938 8.0 | spectrometer

Cu 4 0.0

Fe 428 2.0
Si0, 4560  Bh.0 | X-ray diffractometer
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Table 2 Test item for corrosion

Spec No. Test item
ASTM B-117-73 SST
ASTM B-287-74 ASS
ASTM G-43-75 SWAAT
ASTM B-368-68 CASS
JASO M610-92 Cycle corrosion test
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Table 3 Corrosion accelerating factor of representative test method for condenser
and the results of actual condenser corrosion test

. . Reproducibility of
. Corrosion Accelerating ! . .
No. Test item Factor corrosion appearance in Corrosion depth Judgment
market
1 SST S
1) Destruction of Not acceptable £ 50 e
oxide film by CI 3 /
2) Acceleration of *Fin corrosion and tube g 20 // Not
. . anode reaction by CI'| uniformity corrosion 2 100 = acceptable
Continuous mist occur 8
spray of neutral «Market reproducibility NG | £ ° 5o 10 150 200
salt water g Test period (day)
1)Destruction of oxide E o
2 , ) =
CASS O film by CI" and acid Not acceptable £ a00 d
B) Acceleration of anode 3 / Not
Conti - o reaction by CI *Fin corrosion and tube 3 0 ?( acceptable
on |nucf>us _r(;1_|s a) Acceleration of uniformity corrosion g 100 P
:slrta)é( ocsg'p(':r cathode reaction by | occur. g o
4 , Cu precipitation *Market reproducibility NG | % 0. teo a0 20
chloride solution precip P y g Test period (day)
. g 400
3 |Cycle Corrosion| 4y noirction of oxide Acceptable s o
Test o film by CF g pd
Cyclic change B) Acceleration of *Fin corrosion dose not § 2o yd Acceptable
*Mist spray of o anode reaction by CI'| occur, and pitting corrosion| £ o s
Oneutral salt water of tube appeasers. £
2 0
*Dry *Market reproducibilty OK | £ so. 00 150 200
*Wet g Test period (day)
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Table 4 pH Inside the pitting

Initial Solution sample tested (n=2)

pH 6.75 2.93 3.05

Generation stage

__ 250
€
3 200
3
> 150
k7]
[
3 100
S
2 50
S
3 -
0
0 5 10 15 20 25 30
Difference of salt concentration
Anode vs. Cathode (%)
Growth stage
& 250
§
< 200
2
> 150
: b
o 100
S /
g 50
5 = -/-.
(©) 0 .
8 7 6 5 4 3 2
Anode pH

Fig.15 Current in acid condition

ggboboooooood

gboboobobooooooooooooooooboon
gooooooobooboboboboboboooooo
gboooooooooboboboboboboooboooo
goboooobooooboooboo™mooboooobo
gmooboobooooogobobooobooboobooooboon
goooooooboobobobobuoboboooooo
gbooboboboooooboooboobobobobo
obmpoobobobooobooooon
oboobmmioomoboomoboooboobooobooo
00000000D000DOTable50000 0O00OO0OOO
gboobomoboboomobooboobooobooooooon
goooooooooboboboboboboooooo
gbobooooooooboboboboboboooboooo
goooooooooboboboboboboooooo
gbobooooooooboboboboboboooboooo
gobobooooooboooboob boobogoobooboo
gbobooooooooboboboboboboooboooo
goooooooooboboboboboboooooo

0 1650



HONDA R&D Technical Review

Vol.11 No.2 (October 1999)

Table 5 Factor analysis in generation stage

Table 6 Test conditions for generation stage
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