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ABSTRACT

In response to the Advanced Safety Vehicle Project
Phase 2 (ASV-2) proposed by the Ministry of Transport,
We have addressed the two topics below with reference
to the results from analysis of the actual traffic accident
conditions. Selecting the effective technologies, we
fabricated proving vehicles for the respective objectives
and pressed forward with the research as follows:

» Research in safety-improvement technology to reduce
both driving burden on the driver and rear-end
collision damage through driving and operational
support that applies CCD camera, radar, and related
technology (Honda ASV-2,Vehicle 1)

» Research in technology for improvement of visual
recognition to provide information on the presence of
motorcycles and pedestrians through information and
visual support that applies the technology of
communications and control devices, infrared cameras,
and so on (Honda ASV-2,Vehicle 2)

Research is proceeding on installation and
implementation of each system, taking the basic
approach of developing systems that will not interfere
with driving operations. The results of proving tests on
these systems have shown that they can be expected to
produce accident-reducing effects. Minister of Transport
approval has been received and road tests are being
conducted on some of these technologies.
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Table 2 Ratio of the decrease prediction of the
number of the traffic accident people

System of ASV vehicle 1 Fatalities Casualties
Collision velocity reduction system 21% -11.5%
ACC with stop & go system (-0.1 %) (-0.4 %)
Lane-keep assistance system -0.1% -0.1%
Total 22% -11.6 %

System of ASV vehicle 2 Fatalities Casualties
HONDA night vision system -6.1% 24 %
Active headlight system -0.7% -0.3%
Inter -vehicle communication system -3.6 % -5.1%
Total -10.4 % -7.8%
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For the Advanced Safety Vehicle Project Phase 2
(ASV-2) as proposed by the Ministry of Transport, two
types of prototype of prototype “ASV motorcycle’ were
produced to promote studies on safety.

Active safety technologies:

(1) “Motorcycle/automobile information communication
system” which provides information on mutual
presence of motorcycles and automobiles.

(2) “Discharge headlight for motorcycles” taking
considerations for high voltage unit and optimizing
light distribution.

(3) “TUFFUP tires’ to prevent air leak at puncture of
tubeless tires with puncture preventive gel sealed in
their double structure air chambers.

(4) “Air pressure monitor system” which will display air
pressure and give alarm in case of unusual
conditions.

Passive safety technologies:

(5) “Air bags for motorcycles’ including bags, inflators
and sensor system

(6) “Helmet with improved performance in impact
absorption” having possibility to reduce brain damage
resulting from rotational acceleration.

It was found out that effect to reduce accidents could
be expected through these researches.
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Fig.1 Passive (Left) and active safety research
motorcycles
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Table 1 Specifications of prototype airbag
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Volume (liter) 120

630 x 500 x 615
¢ 50 x 2 holes

1) module box
2) motorcycle frame, via 2
connectiong belts

Height x width x lenght ~ (mm)

Vent holes (mm)

Bag mounting point

Inflator: Pyrotechic,
passenger car type,

450kPa maximum pressure
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Fig.21 Configurations of full scale impact tests
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Table 2 Effect of motorcycle accident decrease rate

Ag\;//s:/t:;]ri] c(l)é 3 Fatalities | Casualties
Inter-Vehicle communication system -12.2% -8.9%
Discharge headlight for motorcycles -0.3% —0.03%
TUFFUP tires -0.3% —0.04%
Air pressure monitor system —-0.5% —0.06%
Total -13.3% -9.0%

ASS\)//S\I;T C?(: 4 Fatalities Casualties
Air bags for motorcycles -6.1% -7.6%
Helmet with improved performance —-7.5% -1.2%
Total —10.6% —7.6%
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ABSTRACT

Recently, the emission regulations for small
motorcycles become severe in many countries every
year. Therefore, to control air-fuel ratio by high
accuracy, the emission decrease system for a small
motorcycle, which used fuel injection, was researched
based on four-stroke engine of displacement 100cm?®.
Fuel injection is controlled by two maps of injection
amount used properly according to the openings of the
throttle, the engine speeds, and intake pressure. In the
control, the peak value of intake pressure during opening
the inlet valve is maintained to lose the influence of big
pressure changes of the single-cylinder engine, and it is
used as the control index. Moreover, the O, feedback
control and the three-way catalyst systems were used to
purify exhaust emission, and a small fuel pump of power
saving type was developed to improve fuel economy.

In addition, the control system to obtain an excellent
startability by the kick-starter was also developed. By
adopting these developed systems, hydrocarbon was
decreased by about 1/30 of the regulation value provided
in the motorcycle emission regulation “Directive 97/24/
EC chapter 5 (EURO-1) in Europe, and the fuel
economy has improved by approximately 20% compared
to the base engine.
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Table 1 Current emission limits for motorcycles

CO THC NOx

(9/km) (g/km) (g/km)
EURO-1 (4 stroke) 13 3 0.3
Japan (4 stroke) 13 2 0.3
Tailand Level 4 4.5 3 (combined)
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Table 2 Targets emission

CO THC NOXx
(g/km) (9/km) (9/km)
Targets 0.67 0.08 0.08
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Table 3 Major specifications of test engine

Items Specifications
Bore x Stroke (mm) 50.0 x 49.5
Displacement (cmd) 97.2
Compression ratio 8.8
Valve system OHC 2 Valve
Max. power (KW / r / min) 5.32/8000
Max. torque (Nm/r/ min) 7.23/6 000
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Table 4 Fuel flow specifications of injectors

Developed | HONDA

Items Injector | VFR80OF

Dynamic Injection

quantity at 2 msec (mm¥stroke) 1.68 4.38
Static Injection quantity (cm®min) 107.5 248.5
Pintle nozzle 4-hole plate Air assist
] A
B
i g
é%
-:I_:: 3 .1""3‘.
SMD:125um SMD:95um SMD:40um
Measurement conditions: Fuel pressure: 250kPa
Assist air pressure: 26kPa
S.M.D: Measured by LDSA

Fig.4 Forms of injectors and Sauter’s mean diameter
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Table 6 Test results of ECE40 mode emission

CO THC NOx
(g/km) (g/km) (g/km)
Result 0.44 0.058 0.023
Targets 0.67 0.08 0.08

Table 7 Test result of fuel economy by ECE40 mode

Fuel economy (km/l)
Result 55.3
Base 45.0

Table 8 Test results of power performance

Maximum speed 0-200m
P Acceleration time
(km/h) (sec)
Result 87 13.95
Base 86 13.95
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ABSTRACT

The 90 degree V-twin OHC vertical shaft engine for
riding mower has been developed. Due to the V-twin
cylinder layout and the aluminum sintered alloy
connecting rod, the vibration level could be reduced with
50% as compared to conventional single cylinder
engines. Due to the OHC construction with built-in belts,
plastic cam pulleys and turbo shaped cooling fan, the
noise level could be reduced with 4 dB compared to
conventional single cylinder engines. Due to uni-block
cylinder, common parts for each cylinder and easier
assembly construction, the engine size and cost are
comparable to those of conventional single cylinder
engines.
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Table 1 Specifications
GCV530 | GCV520

Air cooled 4-stroke OHC
V-90° Twin-cylinder

Model name

Engine type

Bore x Stroke (mm) 77 x 57
Displacement (cm®) 530

Compression ratio 8.0

Maximum power (kKW/rpm) 11.3/3600 9.7/3600
Maximum torque (Nm/rpm) 34.3/2500 33.0/2500
Lubrication Splash

Carburetor type Twin bore, float, butterfly, side draft
Carburetor venturi bore (mm) 18 | 14

Transistorized magneto
Starting system Electric/Recoil
Dimensions (L x W x H) (mm) 456 x 427 x 331

Dry weight (kg) 30.5

Home-use : Aluminum (Sleeveless)

Ignition system

Cylinder sleeve

Pro-use : Cast-iron

Single cylinder engine

Fig.3 Layout of GCV530/520
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ABSTRACT

A 1.5L SOHC-VTEC lean burn engine designed for
2001 model Civic achieves the high fuel economy
(20km/liter based on 10-15 mode) and more than 50%
reduction from the 2000 emission standards in Japan.
This engine reduced the engine friction and utilized
newly designed intake-port and combustion chamber for
the improved combustion characteristics. In addition,
exhaust system with NOx adsorption reduction type three
way catalyst is adopted to achieve the low-emissions.

gooogd

00o00o00oo0ooooooooooooooooo
000000ooooooooooooooooooooon
oo0oooOoooOoo0ooOoooooooOoooooo
0000000oo0oo0ooO0oooOoUoooooooo
oo0oooOoooOoooO0ooOooooooooooooo
00000 199200 15LVTECEODOODOODOODODOO
poqy19960 00 CVTOOOOOOO15LO00000VTEC
ooooooOooooegpoooouooooooooon
1998 00O 18LVTEC OOOOOOOOOO""M™MO VTEC
0 I VTEC: Variable Valve Timing and Lift Electronic ControlO
oooooooooooooooooooooooooo
0000o000ooU0oo0ooO0oOoooooooooooo
0000000000 15LSOHCVTEC ODOOOO CvT
0000oooooooooooooooooooooon
ooo

gooooooo
gboboooboobbooobboobobooobooobo

gbooboooooobobobooooooboboooooo
gbobooobooboobooooboooboobooboo

gooooo

https://doi.org/10.69239/hondatechnicalreview.2000 12 2 5

gooooooobobbobbbbooooooooooa
odooooooooooooooooooooooooo
00 CcvTOOODODOOODOO0OOooOOoOoDO NoxOoo
gooooooooooooooooooooooooo
ad
goooodoooodoooooooa
0oMmoododododdd Nol
0o0mooboboooboooooooobooooooo
000 ULEVO Ultra Low Emission Vehicle 000 OO
oooo
gdmooooobooooooo
gomooodoooooa

uobooooboboooboo

FiglOOODOOOODODOCOTablelODOOOODODOO

gbobobobobobobooboooboobooooon
goooooooobobobbbobboboboooooooo
goooooobooooboobobbobbbobobooooooaoo
0000000000000 000™bAg2M@ooooog
gboboboboboooooobooobobobonbo
gbobobobooboooboobooboboboboonoog
gbobooooobobobooobooobogoon

0290



HONDA R&D Technical Review Vol.12 No.2 (October 2000)

80

70
60 1160
50 1140

40 1120

Torque (N-m)

30 1100

Output power (kW)

20

10 | b

0 1 1 1 1 1
1000 2000 3000 4000 5000 6000 7000

Engine speed (rpm)
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Fig.3 Engine performance
Table 1 Engine specification

Engine code D15B
Cylinder configuration In-line 4-cylinder 0000000000000 000000000000
Bore x stroke (mm) 75x84.5 00000000000000000000000000
Displacement (cm3) 1493

- - : gobodobobooboobobooboboobobooboo
Compression ratio 10.2:1
Valve train SOHC VTEC Fig3000000000000000000CcvTO0
Number of valves 4 per cylinder gobobooboboooboboobobooobooooo

) In. 30 goboobooobuoobooboboobooboa
Valve diameter (mm)
Ex. 26

Fuel supply system Programed fuel injection ooooooo
Ignition system Programed ignition
Max. power (KW/rpm) 7715800
Max. torque (N-m/rpm) 139/ 4200 oo0o0ooOoOo0oooDOoOoooooooocevToOoO

oooooOoo0ooO0O0OO00OO0O0OO00O0O00O0o0noono
OFig4AOO0O0O 10015 OO0 20km/L OOOOOOO
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ABSTRACT

Honda became the first company in the world to sell
a gasoline-powered vehicle that satisfied California's
(LEV-II) SULEV regulations. The engine system
powering ACCORD SULEV is characterized by using
only an under-floor catalyst due to the sophisticated
control. The improved catalyst is realized to maximize
the high conversion ratio and to minimize the increase
in exhaust gas pressure.

To satisfy SULEV standards using the under floor
only catalyst , we developed technologies to rapidly
light-off the catalyst and to obtain stable combustion at
even leaner Air/Fuel ratios when the engine is cold and
the catalyst isinactive. Also, in order to further improve
the conversion performance of the catalyst once it is
active, we developed a New Secondary O, Feedback
Control System. This is an extremely high precision
system that utilizes an adaptive sliding mode controller
to identify various catalyst models in real time and
predict the post-catalyst HEGO sensor output. The
implementation of these technologies makes it possible
to achieve the most rigorous SULEV standards, with full
load performance equivalent to our ULEV vehicle.

gooogd

gbobobobobooboooboobooobooboooboan
goboboooooooooobooooooobooboooooon
gboboooobooobooboboboboboooboooo
gbOo 204 000000000000 LEV-NOOOOO
gbobooogo

Tablel OCOLEV-I OOOOODOCOOOOOOODO
O0000000ooOooooooogggi2okmilen O
gboboboooboooobooboboooo

gooooo

Table 1 LEV-Il emission standerds

(g/mile)

Durability| Category[ NMOG CcO NOx HCHO

50 LEV 0.075 34 0.05 0.015

kmile ULEV 0.040 1.7 0.05 0.008

LEV 0.090 4.2 0.07 0.018

120 | yev | ooss | 21 007 | 0011
kmile

SULEV 0.010 1.0 0.02 0.004

0370



HONDA R&D Technical Review

Vol.12 No.2 (October 2000)

Fig.1OODOO LEV-IODODO LEV-NOOO0OOO NMOG
0 Non Methane Organic GasfO O O O OO OLEV-II ODO0O
0000 suLevOOoooooooooogsuLevoOO
0 O LEV-1 ULEW Ultra Low Emission Vehicle(I 0 0 O 1/5
000000000 00O00oooogg sokmileoo0O
O120kmile0 000000000 OOOOOOOOOOO
00000000000 00FRg.2 0 LEV-IOOO LEV-N
O00O0O0O0ONOxOODODDOOOOOLEV-IOOONOX O
000000000 00SULEVOOOOOLEV-IULEV O
/10 000OoOooOooooO

OOOACCORDULEVOOOOO suLevOOooood
000000oooooooooooooooooooon
O0OO0O0OO0OOOOOACCORDSULEY ODOOOOOOOO
0o0ooooooooooooooog

0.20
LEV -1
0.156

__ 015 (100 kmile)
©
E LEV -1l
=) 120 kmile
5 010 0.09 009 ¢ )
O
> 0.055 0.055

0.05

0.01
0

TLEV LEV ULEV LEV ULEV SULEV

Fig.1 LEV-I and LEV-Il NMOG regulations

1.0+ LEV -1
(200 kmile)
0.6

)

S

)

A 05t 03 03 LEV - I _
> (120 kmile)

0.07 0.07
0

TLEV LEV ULEV LEV ULEVSULEV

Fig.2 LEV-lI and LEV-Il NOx regulations

OOSULEV ODOUOOoooobooog

SULEV 0 0O0O0O0O0oooboooobooooooogo
ACCORDULEVOD ODOODOOOOOOOOOOODOODOO
gbobobooobooboobooboboooo

Fig.30 ACCORDULEVOODOOOODOOOOODODOO

O O FTE Federal Test Procedureld 0 000000000
O000o000oo0ooo0ooDoUooooooooooooo
OOCOOCOOCOQOODOOOODODODOODODOOODOLA40
0000o00oooooooooooooooooooo
goooOoOooooooooopoooo

000D 0O00OONMHG Non Methane Hydrocarbon
O NOx OO suLev 00 O000oOoOoooooooooono
00ooooouoooooooooooooooooooo
oooooOoooOoooOoooOooooooogoooooo
0o0oooooooooooooooooooooooo
gooooOoooUoooOoooooooooooooog
SULEV O OO0O0O0O0OOOONMHC OOOOOOOOO
gogoooOoONoxOUOOOooooooooooooooo
00000000000o0o0oDO0oouoooDooooooo
goooOoOooOooOoOoOOOsuLevOOOOOOOOO
0000000D0o0o0ooDooooooooooDoooo
oooooooooooooooocoooooooooo
gdooooOoOoOooOooooooOoOo

0oooooooooooooooooooooooo

FTP cycle

Vehicle speed

A ¢——r- B —pia— C —>

NMHC of ACCORD ULEV

0.02
)
E B SULEV
RS) regulation
(_)0.01 IEEEEEENEEEEEEEEEEEEEN
I
=
> -

0 I I
A B C

NOx of ACCORD ULEV

0.06 —
)

0.04
%1 SULEV
= regulation
CZ) [Ny BRI RERE l‘l'l1'1lllllll|

0 | |
A B C

Fig.3 ACCORD ULEV Emissions at A-C period

0380



OACCORD SULEVOO O OOOOOOOOOODOO

gbobooooooobobobobobobooboooo
god
gboboboboobooboooobooboooooooboon
000" O0000000o0o0on ACCORD SULEVODO
OO0o0Oo0oO0o™simpleldO0O0O0OOOO197O0O0O0O
gboboboooob LeviiULEY ODODOOOOOOO
U000o0oobOO0oO0 ACCORDULEY ODDODOODOO
gbobobob0obOobOobO ACCORDULEY OO O
oogvrecedooooooooooobooooooog
O0000OO0DOo0ooOoOoO0Ssimpled00OOOODO
goao

SULEV O OO0OO0O0OO00O0booooooooooobon
gbobooooooobobobobobobooboooo
goboboooooooboobobobobobooboooo
goboboooooooooboboooooooboobooooo
gobobooooooobobobooboboboboooog
gbobooooooobobobobobobooboooo
goboboooooooboobobobobobobooog
ao

Fig4dO SULEV 000000 O0ODOOOODOOOODO
ODO0MadDOh@MOOO ACCORDULEVY DOOOOOO
goboboooogo
ACCORDSULEV OO0 DOO0OOOOOOOODOOOODO
gooooo
goooooboboooboOooOil1200 DOod20 000
000000000 ACCORDULEV OO0
gboboooooooboobobooooobooonog
0000000000 O0D0O0O000 AADAir Assisted

InjectorO

0O ACCORDULEVOODOOODOODOOOOOODOODOO
ooo

0000000000000000000 Secondary O,
OOO0O0O0OD0O0O0OOOPRISND Prediction and Identification
type Sliding Mode Control[

uobobooobooooon

gboboobobobobobobobooobooooon
gbooooooboobobobobooobooobogn

gboobobi1z2c00002000000000000£D0
OOo0OOOOO0OO00O0 FgbhOOOOULEVOOOOO 600
gbobo43000000000000s0000000000
gbooooooobanb

60 : 0.6

A Bulk density |

10mil ®
T — .
(&) () - | 2
2 40 /| I 50% |04 §
(=]
S 4.3mil Afessaspaasanns i >
g = _35% 2
S |Surface area 5 5miIA A g
g% | 2.0mil |%? =
A [ 4 @

‘ ULEV SULEV
0

300 600 900 1200
Cell density (cpsi)

Fig.5 Cell density, bulk density and surface area

(b) Electric Controlled
EGR Valve

(f) Risc Chip 32bit
Micro processor

(a) Air Assisted
Injectors

(c) Low-heat Capacity
Exhaust Manifold

(c) Low-heat Capacity
Exhaust Pipe

(9) Individual Cylinder
Air/Fuel Control

(h) Precise Air/Fuel
Control : STR

() Quick Warm-up
System

(k) Lean Air/Fuel
ratio Control

{ ) PRISM

(i) TWC (1 200cell/2.0mil)

Fig.4 Overview of SULEV System

0390



HONDA R&D Technical Review

Vol.12 No.2 (October 2000)

goobooooosspooooooooooooooo
goobobooooooog

Fig6OOOOOOOOOOOOOOOOOODOOOOO
gboboooooooboobobobobobooboooo
gobobooboooooobooobooooooobooooooo
gboboooooooboobobobobobooboooo
Ooo0O0o0O0OO000O0O0Ooooooo0o0ni1skgm/em2O
gboobobooooooboobooboboboooo

gbobooboooooboobooooooooboooboon
goboooooooooooooooobobooboooooon
gobooobooboobooboooboooboooboobooobooon
gboboooooooboobobobobobooboooo
gobobooooooooboooboooooooboboobooooon
0000000000000 5kgm/cm?O00000O0OOO
gooooooboboooboooooDb 1200002000
goobobobooooooog

gbobobooooobooboooooooooboooboon
gboboooooooboobobobobobooboooo
goooan

Fig.7 O ACCORDULEV O ACCORDSULEV O00OO0O
oobooogobog4ocorpm 0000000 DOOOOO
oo uLevoboooobOOol1z00000000000O

Clam shell type caninng Rolling type caninng

.
Const. |:> CI:> Variable
VAT

120 r Power T 300
. L=
100 | 1250
80 Torque 1200
S B
2 3
S 60 1150 o
3 S
a L
40 4100
— - ACCORD ULEV
20 __ AccORD suULEv |0
o 1 1 1 1 1 0

2000 4000 6000
Engine speed (rpm)

Fig.7 Characteristics of power and torque

go0oOCOOQOOOoOOoOoDOOD 2kwOOO0O0O 5Nm O
gooooooo

Fig8l LA4A0ODO00O0O0OOOOOOOOOOOOOO
OOOOCOOOOO 600 OOOA43 OMJ100kmile OOO
O 12000002000 120kmile 0000 OOOO
gboooboboooboboobooboooboobNMoGcO
0O 3100000NOx OO 480 00000000ULEV O
0000000000 PdO 330 g/ft*l] O O 0O O SULEV
O00000oooo0o00OoOdPt/Pd/Rh=1:15:1330g/
ffl0 000000 NOx D0D0O0OO0ODOOoDoOoOoOoODoOO

0.1 3 600cell/4.3mill
1200cell/2.0mill 48%

0.05

FTP emissions (g/mile)

il
I —

NMOG NOXx

Fig.8 Comparison of emissions between 600 cell and
1200 cell catalysts (FTP cycle)

gbobogoboodobbooobooon

gbobobobobobobobooooobooooon
gbooobooboboobogobsuLevOooooooog
goboobooboobooboobooboobogon
goooobobooooooooboooooooobobooo
gooooooan

41. 0000000000

000o000oDoo0ooooooooooooooo
00000o0ooooooo0oooooooooooood
0000000000000 ooooooooooooo
o00o0d0oo0o0ooodoooooooooooooog
00000000000 000000000 oOmRACY
O Rotary Air Control Valve[D OO0 OO0 OO0 OOOOOOO
000000000000 000moOg Quick Warm-up
Syste’°0 00000 OO

FigQ 000000000 00D0DOoO0O0oooooogd
000000000 RACVOOOOOOODODOODDOO
O000000QuickWarm-up SystemO 00O OdO0OO0OO
O00000ORACVODmMOODOODUODODDODDOODMI
0000000oo00ooooooooooooooooo
000000 PO Proportional +integral (D 0 0 OO0 0000
00000000ooooooDoooooooooooog

0400



OACCORD SULEVOO O OOOOOOOOOODOO

Engine Vehicle
start start
Wide 4 Y Y

Increased
air volume

Valve opening
of air device

v

Engine
speed
5
]

v

Advance g 1 r i rararnrnrnrannannas ;
2 i ’
E TDC ;

Retard

Ignition

Fig.9 Ignition feedback control for Quick Warm-up
System

gooooooooobobooboooooooboooo a
ggboooobobbobouboobooboboobo
0000000000OFg.10 0OOO ULEV ODOOOO
SULEV 00000 Quick Warm-up System 0 OO OO0
goboddddddooooooooozooboooooa
000 2000000000 DO0DODDDODOOOOO0OOOd
gooooooddddodoooooooa

600 -

400

200

Exhaust gas
temperature (°C)

0

Advance

Ignition
timing

Retard |

0 20 40
Time (sec)

Fig.10 Effect of Quick Warm-up System at start-up
period of FTP cycle

42. 000000000000

Fig.l1 OODOO0OOMmMVTECEDOOODOmMOODOO
gboboobooooboooboooobooboboboog
gboboooooooboboboboboobooobooon
0000000000000 0000000D0 Quick Warm-
upSystem DO 00000000 OODOODOODOODODO
gbobobobooooooobooob

Fig.1200000000O00DOOODOOOODOOO

Fig.11 VTEC-E system

ULEV

Sauter mean diameter (um)

Measured by LDSA

Assist air pressure (kPa)

Fig.12 Air Assisted injection Spray Characteristics

00000000 LWLbSA D00 mMoOoooooooo
OO0000o0oOoooo 10mm OOOoOoOd

ULEV 0000000000000 O0OO0OOOOOOOg
00000000D00DO00D00D000O 3BbOoooooo
ooooogd

Quick Warm-up SystemO O OO0 O0O0dOOoOOoOoOoOng
O000Fg13 0 FTPOOOOODOOODOOO ULEV
00000 QuickWarm-upSystem 0O O OQOOQOoOOO
000000o0o00ooooooooooooooooog
0000000opo0ooooooooooooooooo
0000000000000 000000000DOFig.130
0000000opo0Oooooooooooooooooo
ooooo

Fig.140 FTPOOOODOOOODOO 60000 SULEV
00000 ULEVOODODOoOOoOoOoooooooooooo
0000000000000 0000000 NOx 0OO
00000000 QuickWarm-up System OO O0OD0O0O0O
000000o0oooooo0o0ooooooooooooog
O00000oo0o0ooooooooooooooooo

0410



HONDA R&D Technical Review

Vol.12 No.2 (October 2000)

0
T —=-20
&
e 7
©
g g_4o SULEV -
[C7]
X 0 Fm
T O »
ZE560l"% ULEV | i
B N T T L L L L LT L T T ——
17
R 15+ SULEV wsvgauwsans®
(_E 13_ “‘-‘i--
- ‘¢‘
SALPL e
= gl "+ ULEV
7 L L L L L
0 2 4 6 8 10 12

Time (sec)

Fig.13 Lean air fuel control at start-up period of

FTP cycle
2 400F K
S L + “ULEV
k2 D e,
O 200r H ‘e
T : 0. ...
~ = * SULEV *esss* ...
0 mu® —_—
400

:':‘ ULEV

L

NOXx (ppm)
)
o
e

.
Ll »
- Vet Ceasun’e

SULEV ‘es**""
0 eerrryeas? = SU

Vehicle
speed

0 10 20 30 40 50 60
Time (sec)

Fig.14 Emisions reduction effects of SULEV system
at start-up of FTP cycle

ooo00oU00ooooOooUoooooooUoOooooOo
O0O0OULEV ODO0OOOOOOOOOOOOOODOOOO
O0D00O00QuickWarm-up SystemO OO0 O0O0O0O0O0OOO
0ooooooooooooooo

43.0000000

Fig.15 0 FTPOOOODO CcTOOODOOOODOOO
gooopooocrtbooooooooooooooboog
02 0000000000000000

Fig.14 0000000000 O0O0O0O0O00OOOULEVDO
gob0000SsuLevOOOOOOONMOGO 700 O NOx
0O 3B00O00000O000D00OSULEY ODOOoOooood
VTECE DO00O0O0O0ODOO0ODOODOObOObOobOOobOoDO
gboboooogo

0.6 LJULEV
S SULEV
2

0, 0,

S o4 70% 35%
RY) L
E g
()
% 02 N
c 0.2
£ N
5t N

0.0 A\

NMOG NOXx

Fig.15 Emissions reduction effects of SULEV system

gbobogobboobobooobboo

100000200 M 0000000MDOO0OOOOO
0000000 00ooooooooosSULEvoooooo
O00o000ooOo0ooo0oooooooooooooo
000000000oooooDooooooooooooog
000000opo0ooo0ooooooooooooo
0000 OACCORDULEVO OO O UEGOO O I Universal
Exhaust Gas Oxygen Sensor( 1 0 00000000000
0000000 HEGOD O M Heated Exhaust Gas Oxygen
Sensorl0 000000000000 O0O0OIOOOOOO
0000000 Secondary O, Feedback Control System [
00@ooo0oooooooo0o0oooooooooo
oooooooo

OOOACCORDULEVO O DODOOODDOOODOOO
0000000oo0ooooooooooooooooo
0000000oo0oooooooooooooooooo
000000ooooooooooooooooooooog
0000 dO0O0O0oHEGODODODOOOODODODDODOOODOOO
000000oo0ooooooooooooooooooog
0000o0o0o00oooo00ooooooogooood
oo00o0ooO0ooooooDooOoOoODOO0O000000Fig.16
000000oo0oooooooooooooooooo
OOOOACCORDULEV O0OOOOO STR Self-Tuning
RegulatorB°i 1 0000000000000 OOO0OO
0000000000000 oo0ooooooDon
O Identifier(d O 0 O O I Predictor[d O O 17 Sliding Mode
Controller 000000000000 0OOOOOOOOO
[ Prediction and Identification type Sliding Mode Control”
O000ooooOo PRISMEEEDOOOOOOOO

goooooooooOo00oooOooomoooDooo
000000oooooooooooomoooooooo
0000000opo0oooooooooooooooooo
000000ooooooooDoooooooooooo
00000o00ooooooooooooooooooo

000o00ooDooooooooooooooooog

0420



OACCORD SULEVOO O OOOOOOOOOODOO

~ == =Control object = = = =— = -~
Calculated fuel Injected fuel [ \
mass mass UEGO HEGO
| sensor sensor |
>¢ > Engine | > Catalyst *~—
N |/
gin Vout
Feedback STR _ )\
coefficient (Self-Tuning
Regulator) e e e = = = = = = = = L -
| \ Vpre \ \
200 [ - |
Sliding-mode ) e
I Controller Predictor | I
| \ \ |
| L |
I 6 (al,az,b1) Identifier |
—
\ I
~ == =PRISM (Prediction and Identification == == =

type Sliding Mode control)

Fig.16 Overview of SULEV Feedback-System

O000000000edalla20bl OO OO0OOOO
O00000O0OO0OHEGOOODOODOODOODODODODODOO
oooooooooooooooooooooooooo
0000oooooooooooooooooooooon
ooooooogo

0oo0ooooOoUooUoooOooooEPsoooooo
Ooooooopoopoopooo

Fig.1l7 0000O0OO0OOOQOOUOOQODOOODOOODOO
PRISMOOOOOOOOOOOOODOODOODOOHEGODO
O0o00d0oooooooooooooooooooooon
ooooovo,000000000000O0000000
00000 ooooOo0oooomoooooooooo
Vo, 0000000000000 O00000D0000
O00O000000DOO0O00OOdSTR Self Tuning RegulatorT]
ooooopoopoooo

dvVO2(K)
0.4r

VO2-locus

4

01 02 03 04
dvO2(k-1)

Control input

0.3

Switphing line (c = 0)
-0.3[

Fig.17 VO,-locus in Phase plane

Fig.18 0 FTPOOOOOO PRISMOOOOOOOOO
goob0OHEGOODDODDOOOODMmMDbDOOOOOMmOo
ooooooomooooooooboooooooDo
goooooboooooooobobooooooooboooboooo
ooooooooooooobopPRISMOODODOOODOO
gboobooooooobobobobooobooobogoon

0000000O0O0O0OoO0oO0O0ooO0oOoUO0dFigaoo O
O0OHEGO 00000 VO, 0 dvo, 00000000
gbobooooobooboboboooooboon

Fig.200 120000 02000000000000 ULEV
ooobooPRISMOOOOOODOOODOOOODOO
NMOG 00000 2000000NOx DODOODO 4800
o00boo0ooooooobbo0oobOo0o0ooDDOdNOox
gboboooooooboboprRISMOOOOOOODOO
gbobooooobooboboboboooboobogoon

Vehicle
speed
E <11
£S
g% 10
83 09
)
5]
251.0
Q :’ |
53205
fa 0 . . .
I
150 200 250 300
Time (sec)
Fig.18 Improved controllability of secondary HEGO

sensor output

0 430



Technical Review

Vol.12 No.2 (October 2000)

HONDA R&D
0.8
0.6
s s .
0.4 - o
= ¢
5:7 f 4 0. ) .
802 - 23
2 ¢l
¢ ¢
0 ¥
! o 7Y
¢ Y
-0.2 " o
' ¢
-0.4
04 -02 0 02 04 06 08
dvo2 (k - 1)

Fig.19 Secondary HEGO sensor output in phase
plane (LA-4 2N° hill)

_005F 48%

2

E -

)

® 0.03

2 20%

R -

: N

o 0.01f \ \

v 0 NN &
NMOG NOX

[J ULEV SecondaryO2-F/B
with 1200cell/2.0mill

PRISM
with 1 200cell/2.0mill

Fig.20 Comparison of ULEV’s Secondary O2
Feedback and PRISM

gooog

gboboboboooooooooooobooobooobooon
goboob0 LEV-ISULEV OOO0OO0OOOO ACCORD
SULEVO O OOO0O0OO0O0O000OTable20 0000000
gboooooboob

gobooboobboobobooboob oboooo
ooo0o0oO00DoOoOooOooOoOosimplelDOOOOO
goobDo0oooboo0oouooobo0oooDDbOACCORD

Table 2 ACCORD SULEV emissions
In-house data

NMOG | co NOX
STD 0.010 1.00 0.020
Values
Achieved | g 5564 | 016 0.016
Values
(g/mile)

ULEVOUOOOOOoOoooOoooboooosuLevooQd
gboboboboboooooobooobobobobo
gboooooo

goobogn

0 O OKishi,N., Kikuchi,S., Seki,Y., Kato,A., and Fujimori,K. :
Development of High Performance L4 Engine ULEV
System, SAE Paper 980415

0 O OShimasaki, Y., et al.: Study on Conformity Technology
with ULEV Using EHC System, SAE Paper 960342

0 0 OUeno,M., Akazaki,S., Yasui,Y. and Iwaki,Y.: A Quick
Warm-up System during Engine Start-up Period Using
Adaptive Control of Intake Air and Ignition Timing, Honda
R&D Technical Review, Vol.11, No.1, p.73-78 (1999)

0 O OMaki, H., Hasegawa, Y., Akazaki, S., Komoriya, I.,
Nishimura, Y. and Hirota, T.: Real Time Control Using
STRin Feedback System, SAE Paper 950007

O O OFuijii, S.: Digital Adaptive Control, Computrol, No.27,
p28-, Corona, July 1989

O O OSuzuki, T.: Basic of Adaptive Control, Computrol, No.32,
p7-, Corona, July 1990

O O OYasui,Y., Akazaki,S., Ueno,M., and Iwaki,Y.: Adaptive
Sliding Mode Control for Secondary O2 Feedback, Honda
R&D Technical Review, Vol.11, No.1, p.65-71 (1999)

O O OYasui,Y., Akazaki,S., Ueno,M., and Iwaki,Y.,: Adaptive
Sliding Mode Control for Secondary O2 Feedback, A
Second Report, Honda R&D Technical Review, Vol.11
No.2, p.65-71 (1999)

O O ONonami,K., Den,H.: Sliding Mode Control, Tokyo,
Coronasha, 1994, p263

m000Om

googano

0440



https://doi.org/10.69239/hondatechnicalreview.2000 12 2 7

gogoo

Joz20L0dooobodboodogd

Development of New 2.0L Lean-burn Engine

ooooooo?® ooooooagn
Tomonori NIIZATO  Aruto HAYASHI

good

goboboboono 2o 00ooobobooobooooon
gbobooooboooboobobobobobooboooo
gbooboooooooboobobobobobooboooo
oooooooooooooooo WwTEC ODOOOOO
oooo0o0o0DbOOo00oboO0oOooDobOoO03kwood
000 186NOm OO OO 10015 00000 14.2km/L O
gbobobob 1200000000 500000000
goboboooooooooboooooooooboooooo
O000O0O00DOwkgD O O0DOO0OOO0DOOOO 54mm
gbobobooboboobobobooo

ABSTRACT

A new lean-burn engine that was developed as a 4-
cylinder power plant for Honda's next generation 2L-
class vehicle. New mechanisms, such as i-VTEC which
combines variable valve timing and lift control and cam
shaft phase continuation variable control, have been
applied to this power plant. As a result, it was attained
to 113kW maximum output and 186N-m maximum
torque with good fuel economy which was 14.2km/L in
10-15 mode fuel consumpition and low emission that
filled a haif of 2000 japanese exhaust gas regulation. For
improvement of assembly conditions, engine weight
10kg became light and engine full length were shortened
54mm to the conventional model.
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Table 1 Engine specification

Engine type

K20A
New type

F20B
Previous type

Cylinder configuration
Bore x Stroke (mm)
Displacement (cm3)
Compression ratio

Valve train

In-line 4-cylinder
86 x 86
1998
9.8:1
DOHC i-VTEC

In-line 4-cylinder
85 x 88
1997
9.0:1
SOHC VTEC

Valve diameter (mm)
Inlet
Exhaust

35
30

34
29

Fuel supply system
Ignition system
Recommend gas

Programed fuel injection
Programed ignision
Regular unleaded

Programed fuel injection
Programed ignision
Regular unleaded

Maximum output
(KW/rpm)

113/6 500

110/6 200

Maximum torque
(N-m/rpm)

186/4000

186/5000

10-15mode fuel
consumption (km/L)

14.2

12.4

Exhaust emission

J-LEV

J-LEV

200

180

160

Torque (N-m)

140

120

Without VTC

With VTC

3 4 5

6 7 8

Engine speed (x 10°rpm)

Fig.1 Torque of K20A engine
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Fig.2 Section view of K20A engine
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Table 2 Specification of friction reduction technology

Parts Applied technologies friction reduction

Rocker arms Roller follower

Valve springs Spring full lift load reduction

Camshalft Camshaft bearing clearance optimized

Piston Skirt contact surface product reduction
Skirt surface micro dimple machining
Skirt surface molybdenum coating

Piston rings Tension reduction

Oil pump Rotor miniaturization

Relief setting oil pressure down

Crank janal bearing

Surface single-cut turning machning

Balancer janal bearing

Surface single-cut turning machning

Cam chain tensioner

Tensioner spring load optimized

Engine oil

Low viscosity oil (OW-20)

5
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Table 3 K20A main technology

Subject

Main technology

Good fuel economy

Low emission

High performance

Light weight and
compact

Silent (NV
improvement)

*i-VTEC
« High swirl intake port
* Friction reduction technology (see Table 2)

 Back exhaust layout
* Lean NOx catalyst

» High compression ratio
« e-dual pipe exhaust manifold
» Dual mode resin intake manifold

» Formation of serpentine accessories belt
» Camshaft and balancer chain drive

« High rigidity cylinder block
* Balancer in oil pan
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ABSTRACT

To correspond to the recent trend of complicated
engine control we developed the new generation engine
data acquisition system which was equipped with the
high precision analyzing capability.

As for this system, it is possible to process the
measured data by the Windows operating system and
also it equips the engine combustion analysis function.

The system platform is personal computer-based,
using the Windows operating system for data processing,
and minimal complexity. Also, to enable simultaneous
data acquisition and processing,the system employs a
real-time OS.

As a result, we are able to achieve an stable data
acquisition, an improvement of analysis capability, and
analysis time reduction.
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Table 1 Hardware specifications of EASY system

High-speed A/D 100kHz/8ch

(Possible to same time sampling)
Low-speed A/D 100Hz/8ch

(Possible to same time sampling)
Memory capacity 4MB

(1MB : exclusive for wavy acquisition)

ECU monitor
communication method

Original method (50 ~ 375kbps)

GP-IB communication (Each 1ch of) mastering and
method slave function

Engine revolution sensor 1pulse/revolution 360pulse/revolution

Relay input/output Input 8ch/output 16ch

Mapping operation terminal | 4ch

AC100V

Power supply
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ABSTRACT

An active control system for low frequency road
noise in automobiles combined with an audio system was
developed as a commercial application for the first time
in the world. The system was installed in a station
wagon. The purpose of this paper is to provide an
outline of the system and describe the newly developed
cost reduction technology used therein. A major factor
in the successful application of active noise control
technology to a commercia product is reduced system
cost. The methods used to reduce costs include
utilization of feedback control, implementation by
analogue circuits, and common use of audio system
speakers. This system reduces low frequency road noise
in the front seat by about 10 dB and improves the audio
system listening experience while driving.
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Fig.10 Sound pressure level at front passenger
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ABSTRACT

Patterns to be processed in the deposit and recycling
stages of the life cycle of automotive parts were
identified. To improve over conventional LCA software,
new LCA software for automotive parts was developed
by adding an algorithm to calculate the environmental
load for each of the various patterns found. The software
was tested in terms of its ability to calculate the
environmental load in a bumper recycling system and
results were confirmed to be equivalent to those
calculated using a process analysis method. The software
was applied to the LCA of rubber parts to compare the
environmental load of the disposal of waste rubber in the
factory process with that of recycling the rubber. Results
showed that recycling waste rubber is effective in
reducing the environmental load, but that it is very
important to improve the quality of the recycled material
and reduce the environmental load of the recycling
process itself.
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ABSTRACT

Parameter design of TAGUCHI METHOD is applied
to optimize endmill cutting condition for Nickel base
super alloy.

“Cutting as a presetting removal volume” has been
considered as fundamental function, and evaluated with
SN ratio.

As a result, about 60% decrease in dispersion of
cutting has been done with optimized cutting condition
by the parameter design, as compared with current
condition.
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Table 1 Control factors and levels

Level
Factor 5 3
A | Tool maker 1 2
B | Error
C | Feed per tooth Low Middle High
D | Cutting speed Low Middle High
E | Width of cut Low Middle High
F | Depth of cut Low Middle High
G | Error
H | Error
Table 2 L18

EXp. Control factors Noise
No.|| A | B C D E F G | H IN1{N2
1)1 Low Low | Low | Low
2|1 Middle | Middle | Middle | Middle
3|1 High | High | High | High
4 |1 Low | Low |Middle|Middle
511 Middle | Middle | High | High
6 |1 High | High | Low | Low
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9 1 High | Low | High [Middle
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11| 2 Middle| Low | Low | High
12 || 2 High |Middle |Middle| Low
13| 2 Low |[Middle| High | Low
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15| 2 High | Low |Middle| High
16 || 2 Low | High |Middle| High
17 || 2 Middle| Low | High | Low
18| 2 High |Middle| Low |Middle
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ABSTRACT

A technology has been developed for surface
treatment that reduces the rubbing resistance of piston
rubbing surfaces that have had shot peening applied. This
technique shoots compressed air together with roughly
spherical ceramic beads with a central particle diameter
of 40 um at high speeds of 100 m/sec or more against
the surface of the object to be processed, creating
numberless microscopic dimples on it. This is intended
to improve the oil film hold of the treated surface. Use
of this technology enables a 2-2.6% reduction of the
friction loss of output from engine unit. The engine unit
was subjected to an extended running test to verify the
sustainability of the effects from this treatment, and the
results showed that dimples still remained on the actual
rubbing parts even after running the engine for an
extended period of time. The treatment was also
demonstrated to be effective in increasing the anti-
seizure characteristics of the pistons.
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Fig.2 Dimple effect (expectation)
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ABSTRACT

SCR (Selective Catalytic Reduction)-type Lean NOx
catalyst ,which have continuously good activity of NOx
reduction under the condition of excess oxygen, was
focused for the NOx reduction in lean-burn exhaust gas.

In this study, the advancement of NOx conversion
can be achieved by using Ir (iridium) catalyst. And the
NOXx selectivity, which in competitive HC oxydizing
reaction, is improved by using new catalyst support.

Furthermore, the catalyst durability is improved by
coating the material, which can convert NO to NO,, with
the catalyst. The improved catalyst have good
performance for practical use.

The improvement Ir catalyst showed the highest
conversion in reduction of NOx (63%) on Japanese 10-
15 mode, under the lean condition, with the engine
controlling according to catalytic properties.
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ABSTRACT

This paper describes the development of a compact,
high-efficiency and high-power traction permanent
magnet motor utilizing reluctance torque for electric
vehicles.

The “Salient SPM” motor has salient between
adjoining permanent magnets exposed on the rotor
surface. This structure enabled magnet weight reduction
by 35% compared with the interior permanent magnet
(IPM) motor which generated equivalent torque.

Insulation between magnet and rotor yoke reduced
the eddy current loss by up to 1 kW compared with a
non-insulated motor.

As a result, maximum torque of 238 Nm and
maximum power of 60 kW were obtained with this
motor. The motor gave power density of 1.8 kW/kg, and
torque density of 7 Nm/kg. At the same time, the overall
motor-inverter efficiency reached 93% average drive
efficiency when running in UDDS mode.
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MCF11(EV PLUS)

Gen Il motor

Fig.3 Section of motor

Table 1 Specification of motors

MCF11(EV PLUS) Gen Il motor
Type PM synchronous motor | PM synchronous motor
Phase 3 3
Mass 45kg (without gearbox) | 34kg (without gearbox)
Pole 18 10
Magnet Nd-Fe-B (iHc>2.4MA/m)|Nd-Fe-B (iHc>2.8MA/m)
Rotor type SPM Salient SPM
Rotor cover GFRP None
Cooling system Water cooled Water cooled
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Table 2 Characteristics due to rotor structure

SPM

IPM Salient SPM
Type with non-magnetic cover
Application MCF11 (EV PLUS) Gen Il motor
non-magnetic salient salient hook
e~ T
Structure
yoke yoke yoke

Possible to use

Using reluctance torque

Impossible to use

Possible to use

Magnetic air gap Big air gap Small air gap Small air gap
. Making short circuit :
Little
Short magnet flux Little of magnet flu in rotor
Magnet torque/Magnet weight Not so good Not so good Good
Rotor-stator . N L
magnetic linkage Low inductance High inductance High inductance

Rotor eddy current Small

Big

Big
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ABSTRACT

To evaluate quantitatively a fitness feeling of
motorcycle seats, an index, “Hip Characteristic Index
(HCI)” which represented features of a hip’s shape, a
hip’'s size, and weight of human was established, and the
fitness feeling of seats was analyzed by using the HCI
and the body pressure distribution data at seating.

As aresult, to the fitness feeling, it was found that
a contacting area and a pressure change of the body
pressure distribution data which had been obtained at
seating were effective index common to the subjects.
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Fig.5 Body pressure distribution seated on the basis seat by various test subjects
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Table 1 Eigen value and eigen vector
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Eigen value goboboobbooobuoooboobobooboboo
No. Eigen value | Contribution rate gobodbbrg7 DO0OD0DO0ODLOODODOODOO
Brincioal O000DO00D00ODOO0OFrg8OO0ODOOODOODOODOO
rincipa
component 1 1.154 0.505 gboboboobooobuobuobobooobobobo
orincinal Figo 00000000 DOOO0OOODOOOODOODOODn
rincipa 1.129 0.376
component 2
Eigen vector
Principal Principal
Iltems
component1 | component 2
Contact area 0.742 —0.005
Pressure changes -0.123 0.917
Rider weight 0.686 —-0.473
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Fig.7 Example of a riding state
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Table 2 Evaluation results

Sample Average of Standard
motorcycles evaluation score deviation
Touring model A 8.2 0.55
Touring model B 7.5 0.27
American model A 7.9 0.41
American model B 6.3 0.54
Europian model 5.4 0.65
Scooter 34 0.54
Off road model 15 0.41
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Fig.10 Correlation between prediction score and
evaluation score
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Fig.11 Results of body pressure distribution by
difference seat for touring motorcycles

Table 3 Comparison of evaluation score and
prediction score

Sample [ Evaluation | Prediction | Residual
motorcycles [ score score error
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model C 6.0 6.2 0.2
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ABSTRACT

The 1st order vibration, which the engine generates,
has been isolated by applying the pendulum motion
mount method to the 4-stroke 2-cylinder outboard motor.
At firgt, the vibration of outboard motor was theoretically
analyzed by using the 2 dimensional physical model.
Through this analysis, the theory of isolating vibration
by the pendulum motion mount method was established
by finding the condition which isolates vibration
effectively. Next, this method has been applied to the
design of the outboard motor. The mount location was
optimized in consideration of the function and the
vibration, and the mount structure was designed in
consideration of endurance. The body of outboard motor
was designed by optimizing the vibratory characteristics
in order to avoid the resonance. The experimental
verification by use of the newly developed 4-stroke 2-
cylinder small outboard motor revealed that the
effectiveness of vibration reduction was equal to or
better than that of the outboard motor equipped with the
1st order balancer.
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Fig.1 Cutaway view of outboard motor
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Fig.2 Vibration transmission to hull and handle
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Table 1 Distance between upper nodal point and
center of two cylinders

Type Distance (m)
S (Short) 5.3 x 107
L (Long) 4.5 x 107
UL (Ultra long) 3.3x10?
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Fig.9 Comparison of section around lower mount

( Rigid body motion ) + ( Elastic body motion ) = ( Rigid body + Elastic body motion )

Fig.10 Lateral vibration of outboard motor

Table 2 Influence of elastic body motion Lateral
acceleration at mount point of S, L, and
UL types (m/sec?)
Rigid Elastic
Type Mount body body Total
motion motion
S Upper 120 -3 117
Lower 64 -8 56
L Upper 121 -4 117
Lower 51 -10 42
UL Upper 121 -4 118
Lower 53 —-14 39
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Fig.11 BF9.9

Table 3 Specification

BF9.9 BF9.9
Model New Conventional
model model
Bore x Stroke (mm) 58 x 42 58 x 53
Displacement (cm?) 222 280
Maximum engine output
(KW/r/min) 7.4/6 000 7.4/5500
Maximum Torque 14.9/4000 | 16.6/3000
(N - m/r/min)
Reciprocating mass (kg) 0.386 0.349
Sprung mass (kg) 36 39
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Fig.12 Effect of vibration reduction by Pendulum
Motion Mount
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ABSTRACT

A simulation technique that uses a finite element
method model for predicting vibrations in the exhaust
system was developed. The flexible joints, that is,
vibration adsorption joints are faithfully modeled on the
shape of flexible tubes and the properties of other parts
are assigned numerical values. Further, an accurate
model is obtained on the ball joints by assigning
numerical values to the dynamic properties of gaskets.
The vibration force of engine is obtained using the sum
of the force of inertia in component parts and reaction
force produced by combustion pressure. This made it
possible to predict the forces transmitted to the body
from exhaust hanger so that the vibration phenomenon
could be understood in terms of overall exhaust system
behavior. This in turn made it possible in the pre-
development stages to study the characteristic effects of
altering exhaust hanger positions and using vibration
absorbers in order to decrease the forces transmitted to
the body.
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Development of Simulation Technology for Dynamic Behavior of Crankshaft System
in Motorcycle Engine
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ABSTRACT

In order to improve durability and marketability of
an engine and reduce the development period, a
computer simulation technology of crankshaft system
was developed.

A crankshaft and an engine case are modeled by
using Finite Element Analysis. The models and a
calculation model of a hydro-dynamic reaction force of
bearings are coupled and behaviors of the crankshaft are
calculated by using numerical integration within the time
domain.

Therefore, this simulation technology enabled to
predict accurately the motion behavior of crankshaft until
the high operating speed that is unique for motorcycle
engines.
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Establishment of Valve Displacement Measurement by Laser Equipment
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ABSTRACT

To analyze valve behavior at automobile engine valve
train precisely, we tried to measure on laser displacement
meter, it says that laser is higher precision and lower
noise compare with conventional meter. On that
occasion, the problems took place that irregular reflection
at device round wall and digital translational noise that
laser displacement meter has it appropriately. And it
faces, we did action to reduce these noise.

At that result, we could to reduce above noise, it
became possible to analyze valve behavior precisely, and
we did it clear that rockerarm re-collision to valve with
delay of rockerarm inertia. In addition to, for the
compact laser compare with conventional method, made
it possible to measure multi-cylinder simultaneously.
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ABSTRACT

A technique has been devised for predicting the
strength of an automotive exhaust system against the
rolling force input from the torque reaction force of the
engine.

The static analysis conducted using the finite element
method (FEM) in the past has changed to techniques for
dynamic analysis that treat the force input accompanying
large transitional displacement as a forced displacement,
and techniques that take into account the non-linear
nature of mounting rubber pads, flexible joints, and so
on. As aresult, it has become possible to predict the
strength of exhaust systems with greater accuracy, and
these techniques have been capable of application as
development support tools.
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Table 1 Difference of vibration prediction FE model
and nonlinear stress prediction FE model

Vibration FE model

Stress FE model

of input

Estimation value Eigen value Displacement response
MAC value Stress
FE model ]
basic element Shell Shell+sollid
Displacement area
b Small Large

joint

+ of spring
Shape model

Mounting || Elastic numerical Displacement-Load
rubber value of spring nonlinear MAP
Restrict Flexible Elastic numerical value Displacement-Load

+ nonlinear MAP
Shape model
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ABSTRACT

With the purposes of making the maintenance
schedule of CVT vehicle transmission fluid as long as
that of AT vehicles and of making its use common to
AT vehicles, an ester friction modifier and high FW
amide were used to develop a fluid that is optimally
adjusted to friction characteristics by means of a metallic
detergent. This fluid has 4 times the longevity of current
products or greater in durability with respect to friction
characteristics.

The initial vehicle quality such as shift quality of AT
vehicle, which is affected by the friction characteristics
of a wet clutch transmission, and take off smoothness
of CVT vehicles are maintained by this new fluid, which
has made it is possible to lengthen the maintenance
intervals of CVT vehicles. Also, the lengthened
maintenance schedule has occasioned improved
convenience for the user and contributed to reduction in
the amount of liquid waste because of the reduced
frequency of fluid change. Therefore it is expected to
contribute to prevention of pollution of the global
environment.
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Table 2 General characteristics of new CVTF

Current ATF New CVTF
Kinematic 40°C 29.51 29.55
Viscosity cst 100°C 7 285 - 208
{_/(ijs\,,(\ic}—sirt];pép -40°C 6800 8550
TAN  mgKOH/g 0.51 0.73
TBN  mgKOH/g 3.72 4.12
Aniline point ~ °C 95.2 100.7
Metal Ca 800 400
contents Mg — 230
ppm P 200 170
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Table 3 Bench endurance test condition

Iltem Condition
Transmission CVT mission
Engine 1.6L SOHC
Test mode High speed endurance mode
Distance 60 km
1 Cycle | Av. speed 150 km/hr
Max. speed 180 km/hr
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ABSTRACT

This project, by the use of organic carboxylate,
inorganic oxychloride inhibitors, and so on added in
appropriate amounts, developed a long life engine
coolant that has performance equivalent to current
coolant with respect to anti-corrosion performance for
extended metal life and impact on cooling system parts.

Vehicles filled with this coolant realized maintenance
intervals more than two times longer than with current
coolant. In addition, this reduces the amount of coolant
waste generated in periodic replacement by
approximately 70% or more, and makes it possible to
reduce disposal costs and incineration volumes.
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Fig.1 Coolant technical history and maintenance movement

gooood

gbobobobobooboooobooboooboobooboan
gooOoOoOoo"Ooooooooooooooooon
gbmoooooooooooboooooooooooo
gogoo
gbmooobobobooooboobooboboobooo
gbomoooogoon

0 1590



HONDA R&D Technical Review

Vol.12 No.2 (October 2000)

gbmobooboboooo
gbobmoOmomooooooooooooon
ooooecmooooooooooooooboobooog
gobobooooomoOomomooooooooooon
gobobooboooooooboobooboooooooboobooooo
gooooo
gobooboooboobooboobooboooboooboon
gooo
goboobooboooobooboobooobooboon
gooon

gobooobooobooad

gbobobobooooboooooooooooooon
gobobooooooooboooooooooooooooo
gboobooooobooboboboboobooooobooon
goooad

3..00000000000000

gbobobobooobooboobooobooooooon
gbobooooooobobobobobobooboooo
gbobobon oo oboooooooo
gbmoboboooo

100

[e]
o

N
o

N
o

Inhibitor A remaining ratio (%)
(2]
o

o

Short Long
Running interval

Fig.2 Market deterioration of conventional genuine
coolant inhibitor A

100

[e]
o

[o2]
o

N N
o o
e |

Inhibitor B remaining ratio (%)

Short Long
Running interval

Fig.3 Market deterioration of conventional genuine
coolant inhibitor B

O0000000000000000FRg.20300000
gboboboboobooooooooobobobono
gboboobooboooboboboboboboboooo
goooobooboooooooboobooooooboobooboobooooo
gboboboboboboooboobooobobobobo
gbobobobobooooooooobobobonbo
gooobbobooooooobboboooooooboobooo
gbooboooooooboobobo
gbmooooooao

gbob0o ecOO00OobOOobOOobOOobObOOobOOonn
oo00oOooooooooPPgoooopHOOOOOOO
goooboooooooobooobooooooooooon
gbobooooobobobooooboono

gboboboboobooboooboooooooboooboon
gooOoOoOoOoOoQoOoOoOoOoDOoD Fgd4a OOOOOOO
gboboboboooboooboooobooboboboonog
gboboobobooobooboobobooboboubpH
gboboboboboooooooooboboboDbo
oo

Increase

Deterioration formation
product volume

)

Short Long
Running interval

Fig.4 Market behavior of formation product in practical
engine by use of conventional genuine coolant

ubmooobooobo
gbobooooboooooboooboobobooboooboo

Figs OODODODODO0DMOOODAMOOOOOODOFg.6 0O

MOo0bOcu@MOOO0oOooOoOoOooooADOODOO

Aluminum ion volume
—— > Increase

o 50 PN 4 3 o

Short<———————> lLong
Running interval

Fig.5 Aluminum ion occurrence in practical engine by
use of conventional coolant

0 1600



gbobobobooooooon

oooooooocbOoOooooooooooooooo
ooooOOo0oOoooooOOoOoOoooooOoOOoOoOoooooo
CcubobooooobooboooOoOoOoboOoObOOOOoo

(0]

0

©

25

5 e

(]

>

o

Q

§|

o o

O ./

° '“i'r/.s'

s R+ 33 e

Short Long
Running interval

Fig.6 Brass ion occurrence in practical engine
by use of conventional coolant

gobobooobooooobood

gooooboboooboooboobobooobooooo
gbooooboooobooooboboooobooboOpH
ooooooobo0 cuObooooooboboooooog
gbooboooogoo

gbobobobobobooobooooooobooobaoon
gobooooooooooboooooooobobooboooon
gboboooobooobobobobobobooboooo
goboooooooooooooooooobobooboobooooo
gbobobobooooooobooob

41. 0000000000
gboboboboobooboooobooooooobooobon
gbobooobooooobobobobobobooboooo
0ooo0o0o0oDbo0o0oD Fgy ODOODOOODODODOO
0000000 reg8O0OOOOOOOOOOOOOOOO
gooooooobbbboooooooooooo
goboboooooooobooooooooobobooooooo
0 AlO0D00O0O0C0O0O0O00DOOO0DoOOoobOobooo
goboobooobobooooooboboobooooooobooboooooo
goboboooooooooooooooobobooboobooooo
000000 AlO0O00ooooooooog
gboboboboobobooobooooooooboo
gbobooooooobobobobobobooboooo
goo0oo00o0obDADOOOODODOOO0ODOOOODODOO
gboboooogo
0000000ooOoO00obDoOOoOoboogoADDOd
ooo""4 Figo OOOOOOOOOOOO Fglo OO
O00OFg9 ODOODOODDOOODOA ODOODODODODOO
00000000000 rgloOOOOOOOOOOOO

Metal appearance after dipped in coolant

Weight loss

lAluminumCast Iron Steel Brass | Solder

Organic acid
prototype

coolant )

OK

toughness

Current coolant

Weight loss
toughness

Fig.7 Metal corrosion test by use of organic acid
prototype and current coolant

Radiator lower tank
after practical running

Organic acid
prototype coolant

Current coolant

Fig.8 Collecting parts from each practical engine test by
use of organic acid prototype and current coolant

Coolant New coolant Organic acid
prototype coolant
Appearance
peight 05 No problem No problem
by corrosion
AIu_mlnum Good B
anti blacking

Fig.9 Anti-corrosion performance on heat transfer
aluminum surface

Good /IA\—I/.

\
B New coolant

‘\ € Organic acid

\.\ prototype coolant [

—~

Aluminum anti corrosion

Bad

Short Long
Test time

Fig.10 Circulation corrosion test result

01610




HONDA R&D Technical Review

Vol.12 No.2 (October 2000)

o0o00oo0O000 AlOO00O0boOO0o0oooOoo00oo
00oooo0ooo0ooooooooooooAODOOoOoOO
oo0AOOCOOCOOO0OCOOO0OOO0OOO0COO0O0000O

42. 0000000000

gbobobobooooboooooooooooooon
gbobooooooobobobobobobooboooo
gboboooooooboobobobobobooobooon
goboboooooooobobooooooboboboooooo
gboooooobooboboobooobooboboon
Fig.11012 OO0ODO

gbobobobooobooboobooooooooboon
gboboooooooboobobobobobobooo
goboooooooooboooooooboboooooo
gobobooooooooobooobooooooobobooboooo
gbobooooooboobobooo

Rubber/NBR O-ring material
[ Rubber volume] Coolant concentration/50%

10 Condition/Under high heated

Change ratio
(6]

° ]
- 5 . .
New Current Organic acid
coolant coolant prototype coolant
15

[ Rubber hardness )

Change ratio
(3]

0  S—
-5
New Current Organic acid
coolant coolant prototype coolant

Fig.11 Coolant application performance for rubber

1000

Decision standard ¢

100

Damaged time (hrs)

10 - -
Radiator A Radiator B Radiator A Radiator B

Vs Vs S Vs
Current coolant Current coolant New coolant New coolant

Fig.12 Creep performance of radiator plastics tank

43.000000000D0

gbobobobooboobooooooboooooooboon
gboboboboobooooooboobobobooo
goooo

gboboboboboobooobooboobooboooboan
gboboboboooboboobobooboboboboooog
gbobobobobobooboobooobobobobo
000" Fgl30 0000000000000 0ODODOOO
ooooooooooboboooooobboooobooooboo
0000000 Frg14D0OO0ODOOOOODOOOODDODO
gboboobooooobobobobobobobooo
gbobobobooobooboobooboboboboonoo
goooboboboooooobbooooooooobooooaog
gbooboooooobo

Bearing Impeller

.
R
.

*a

| Mechanical
seal
Pulley belt

Case O-ring

Fig.13 Coolant leak mechanism of water pump

No alien substance
and surface chapping
to seal part

Current coolant New coolant

B l’—-—*—
r"j\"—\ "Jt—-—"\ i i 7)

= [ e |
s ::;’, { Judgement line }
; T
28 0 LA
] r—
0§ Current coolant =
urrent coolan A
g § N el
e)
> E _ SN e
SEGS e New coolant
O S E pnpT 1
I 7))
Short Long
Test time

Fig.14 Adjustment of new coolant for water pump
mechanical seal

44.000000

gboboobobooboobooobooooooooobooon
O0Frig.150170000Fg150 00000000000
O0000o0ooDoOooOOoOoooADOO0OODODOODOOOd
O00000oooooo0oO00 Frgle OOOOOOOO
goboooboobooboobooboobooboooboooo
goooooobooobooboobobbobbbboobooooooo
Fig.17 OO AlO0O0OOOO0ODOOODOOOOODDOOO

0 1620



gbobobobooooooon

gbobooobooboboobobooboboooboooboooboon
oooooo0obDOoOoOoooOoOooooooooooo Al
gboboboooobooobooboboboooo

Exhaust side Intake side Water outlet side

Aluminum surface is the situation with luster. These are no problem.

— ——

x 1000 x 1000

x 1000

45. 000000000000

gbobobobooboobooooobooooobooobon
gbobobobooboooooobooobobobobo
OO00O0OCTablelOOODO 100000000C000DODO
gboboboboobooooooooobobobonbo
Oo00DOO0000O0OOODODO0ooooADODOOOOO
goooboboboboooooobboobooooooobooboog
gbobooooboobobooboogon

O00OFrig.18 D0OOOOO0OOOOOODOOOOOO
gboboboboobooooooooobobobobo
gboboboboooboooboooobooboboboonog
gbobobobobooooooboooboboboDbo
gboboobooooo

Anti corrosion toughness for engine head surface is good. Table 1 Corrosion toughness by coolant roughly
Fig.15 The heating surface situation of engine head equal to 10 years used
after bench test by use of new coolant Alumi- | Cast | Steel | Brass | Solder |Copper
num Iron
Organic acid General

New coolant prototype coolant

Flow
direction

Flow
\d direction

. AR e | T R :
Fig.16 Surface section of water outlet part

~ 100 - - — -
& 80 | Covering layer with non crystal 0.2um WI
] E : : : : : :
S 60 Al 5 5 : :
E ko
=3 ] : : :
g 20 . :
8 0 LS

100 - - - -
= | <Organic acid prototype coolant>
S gol 2 g g g g g g
-%. 56|Surface scale difference for above result: 1.3um<|9
S 60| : 0 =0 3 g : :
:,E, : Covering layer with non crystal 1.5um<
c 40 : 0 :
8 \ == .
g 20 |-
8

0

0 02 04 06 08 10 12
Depth

Fig.17 Element formation through depth direction on

water outlet surface

organic acid | X X O O X O
type coolant

Current

coolant O I O O < O
New

coolant O O O O O O

(O: Good for anti-corrosion X : Bad for anti-corrosion

c
L2
g C
®.9
g2
i
a
S A —{current coolant|
= \ ,r"Judgement Iine"
) \ ~
3]
a -~ "
/// New coolant
Short Long

Test time

Fig.18 New coolant long life performance compared
with current

goboboooooooooboooon

gooooobbbboboboboooooooooooooo
O0000O0ODOCOOO00000DObO0O000 Fgl9oO
gbobooboobooobooboobooboobi1boo
gooobobovoooooboboooooobooboboogoo
O000000000000000000D0OReduced
goboobooobooboobooboooboooon

0 1630



HONDA R&D Technical Review Vol.12 No.2 (October 2000)

doo0ooooooooooooooooooooon 0 0 OKiryu,K.,et.al : The Relationship Between Sealing

00o0OO0o00000b0O0obOobOOobOoboooooooag Performance of Mechanical Seals and Composition of
godoooodoooooooooooobooooooono Coolants for Automotive Engines, 1993 American Society
gdbobooobooooboobooboboobobooo for Testing and Materials, p.215-233 (1993)

gobooooooggeoeaobbbobDDDDODODODOO
gboobobobooooooog

w
o

Japan/Asia Oceania US/EU

i s ot [N & S

-83% - 75%

Waste volume after 14 years running
(Unit: Liters per one vehicle)

99 model 01 model 99 model 01 model

Fig.19 Coolant waste reduction volume through the
new coolant

gooog

gboboooooobooboboboooboog
oomooooooooooooooooooboooobog
gbobobobobooboobooboobooooobogon
gboooooooooan
gbomoobooooooboooooooboooooooooo
gboboooooboboboooooon
gbmooboobobooooboooooboovoobobon
ooooooobobooobobobomon 1400000
gbooboooooooogon

m000Om

gooo

gooooobobbobobooooooooooooo
oomooooooobooooooboboooooobog
gboboboooooobooboobooboon

good

000oo000oooooooooooooooooog
000000p.96-100, 0 O 1719910

000000000 0p.908, 000198900

0 0 0OD4340, Standard Test method for Corrosion of Cast
Aluminum Alloys in Engine Coolants Under Heat-
Rejecting Conditions, ASTM 15.05, p.158-161 (1999)

O 1640



g

Jguboogtdbobootduobootdd

Development of Lead Free Fuel Tank

goooooaoeo
Kazunori TAKIKAWA
goooogoes
Yasuji MORIMOTO

opooooooe
Masayuki NARITA
ooooogoess
Teruaki IZAKI

ocooooogee
Yoichi MURAOKA
oooooogeoens
Yasuo TAKAHASHI

good

gboboobobobobooboooooooooboon
goboooooobooooooooo@moobozn@bOO
goooboooboooobooboobooboobogoon
ooooooooooooooooDbOoboOndsshAgt
gooogoo

gbobobobobobooooboobooobooboooban
oo boooOoO0o0C00OCOOOO00O0oOoooooo
gboobooooooobobobobobobooboooo
goboboooooooooooooooobobooooon
gobooobooooboooboooboooboobooboon

gbobobobobooboooboooooooooboon
goboboooooooboooboooooobobooooooon
gbobobobooooogoon

ABSTRACT

A hot dip Sn-Zn-alloy (8%Zn) coated steel sheet
having superior corrosion resistance, formability and
productivity was developed as a lead-free fuel tank. As
soldering material, a Sn-Ag aloy (3.5% Ag) having low
temperature soldering characteristics and superior galvanic
corrosion characteristics with the coating was devel oped.

An issue in the production engineering area was that
consecutive spot welding quality declined to 1/2 of
current welds. The cause was degradation of the
electrode caused by alloy reaction of the metallic
electrode and the coated metal. As technical
improvement measures to handle this, the coating surface
resistance was controlled, the weld current was reduced,
and the shape of the electrode tip was optimized.

This enabled attainment of productivity equivalent to
current levels using existing equipment development of
and a fuel tank having superior corrosive durability,
pressing and welding characteristics, and overall
performance.
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Development of a Novel Bumper Adhesion Promoter

Corky KAMEI*

Kazuo IGARASHI* Michael WISEMAN*

ABSTRACT

A new type of adhesion promoter for bumper
painting was developed to eliminate conventional primer
spray application. The importance of this new material
allowed for reduced cost and improvement in process
efficiency. The new adhesion promoter is a waterborne
emulsion incorporating chlorinated polyolefin, a key
enabler of adhesion of base coat to thermoplastic olefin.
As a consequence of the material design, the adhesion
promoter can be applied as a final rinse, resulting in the
primer spray application to become unnecessary.
Furthermore, the primer spray booth became available
for additional topcoat application, increasing production
volumes. Overall, this material has proven to meet
rigorous testing, and has been successfully implemented
in mass production.
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1. Introduction

In the past five years, there has been a large move
towards using thermoplastic olefins (TPO) substrates by
OEMs for bumper fascias. The drive towards lower cost,
reduced weight, and higher environmental consciousness
has been paralleled by coatings materials development.

In general TPO, having low surface energy, is a
difficult substrate to paint while meeting severe exterior
specifications. Earlier systems used trichloroethane
vapor (TCE) to clean and swell the substrate in order to
accept paint materials. Due to environmental
regulations, and hazardous nature of TCE, solvent
washing has virtually been eliminated from Japan, North
America, and Europe. Since the elimination of the
solvent cleaning, various methods have been used to
overcome the nonpolar substrate characteristics. Some
examples of such methods include, an aqueous
degreasing followed by an adhesion promoter, flame
treatment, and plasma treatment. However, the overall
output of the manufacturer, and the environmental
restrictions usually dictate the type of TPO surface
activation process.

In North America, the conventional approach to
painting TPO bumpers has been agueous degreasing and
then applying a solvent borne primer; followed by base

* Honda R&D Americas, Inc.
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coat, and clear coat. The cure can vary depending on
the substrate materials. However, typical cure is over
100 degrees Celsius. In general, OEM bumper paint
process has not changed drastically for several years.

Primers have been the source of attack due to the
typical high VOC content, and the lack of intrinsic value
to the customer. Consequently, the energy to abate VOC
and to apply the paint is a burden that no OEM desires.
Currently, waterborne primers are available, and have
been used successfully. These waterborne systems still
require an application step that is energy consuming.
OEMs, paint, and substrate suppliers have researched
various methods to change primer application.

Although there has been a desire to eliminate primer,
the majority of the research has been focused on making
base coats directly adhere to TPO. Unfortunately, this
approach has two main concerns. First, each base coat
color development would potentially be affected to
enable direct adhesion to the substrate; less freedom in
color selection. This becomes a very difficult task when
considering the number of colors and the frequent color
and model changes. Second, TPO is naturally
nonconductive. This would reduce base coat application
transfer efficiency, the most costly item. Most attempts
to eliminate primer spray application have been
ineffective or unreasonable.
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2. Function of Primer

Primer has three functions: to promote adhesion, to
assist in appearance, and if necessary, to promote
conductivity for high volume situations.

In general, TPO has a low surface energy, preventing
paint to adhere properly. Both additives in the substrate
and primer allow for chemical and mechanical bonds to
occur. The primer contains chlorinated polyolefins that
have both functions as a long chain polymer to entangle
itself with the TPO, and chemically reactive sites for
chemical bonds.

Appearance of the bumper is generally noted after the
application of the topcoat. The appearance can be
defined in two different ways: color and smoothness.
Although the topcoat has a major role in the final
appearance, smoothness and color below the base coat
may influence the outcome in mass production.

Since TPO is naturally nonconductive, primer can
add function as a conductive base. Therefore, the base
coat and clear coat transfer efficiency increases by means
of electrostatic application; optimizing the materials cost.
However, this may be a function of the operating
parameters. Therefore the spray methods and the
operator efficiency plays a critical role. In general
conductivity and transfer efficiency is dependent on the
various manufacturing demands specific to each facility.

3. Development Approach

Adhesion promoters for TPO have three key resins:
Chlorinated polyolefin (CPO), Polyurethane (PUR), and
Acrylics. Most importantly, CPO penetrates into the
TPO to achieve the necessary adhesion. The other two
key resins, Polyurethane and Acrylics have film building
and reinforcing function. Figure 1 illustrates the resin
system concept. Solvents carry these resins. For HX,
mostly water is used and a small amount of other
solvents. In addition, some additives are necessary for
smooth mass production, such as a defoamer. The HX
formulation breakdown is clarified in Figure 2.

CPO: Penetration resin
PUR: Film building resin

“‘\\\\w Acrylic: Film reinforcing resin
K\

Fig.1 Schematic of resin function

92% Water
+ additives

3% Solvent
5% Resin

Fig.2 HX formulation

The main function of HX is to promote adhesion of
base coat to substrate. By testing a variety of resin
combinations, a window was developed for the resin
ratios. This window is quantified in Figure 3. In
addition to the resin balance, the total resin content was
formulated for optimal physical properties and
appearance; demonstrated in Table 4. Tests determined
that the Acrylic resin should be around 10% of the resin
content, and the remaining should be the CPO and PUR
for best gasahol resistance, and good adhesion.
Additional testing showed that higher resin content
resulted in better adhesion. However, the higher solids
level changed the wetting properties of the materials,
leading to sagging appearance failures, shown in
appearance column of Table 5.

Film
building
resin
(PUR)

Film
penetration
resin (CPO)

Film reinforcing resin
(Acrylic)

Fig.3 Resin ratio investigation

Table 4 Confirmation of various resin ratios

Formulati Resin Resin adlrr:gglon adlrr:gg:)n Hot water | Gasahol
on Wit% o o 80°Cx3hr| (E10)
90 45
_
CPO 30
Acrylic 10 100/100 | 25/25 | 100/100 | 120min
CPO 10
2 Acrylic 30 100/100 | 25/25 | 100/100 | 21min
PUR 60
CPO 30
3 Acrylic 30 100/100 | 25/25 | 100/100 | 55min
PUR 40
——
CPO 50
@ Acrylic 10 100/100 | 25/25 | 100/100 | 120min
CPO 50
5 Acrylic 30 83/100 25/25 98/100 45min
PUR 20

Mass production trials further tuned the materials to
meet optimal appearance. Evaluation of the surface after
HX application determined the roughness should be less
than 1.0um. The trials and microscopic investigations,
in Table 5, resulted in the final HX resin concentration
to be 5 weight percent
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Table 5 HX Solids versus appearance

%NV | Microscope Film Appearance 100/1O%dhesion Overall
HX photo thickness | dry HX only | HX + topcoat 90°cut 25/25 45°cut
206 cannot OK OK OK OK OK; me_ets
measure expectations
4% 0.20pum oK OK oK oK OK; meets
expectations
6% 0.40um | Acceptable OK oK Very Good | OK:meets
expectations
Not good; not
o ;
8% 0.75um Not good Not good OK Very Good acceptable
10% 1.25um Not good Not good — — —

At the 5% HX solids concentration, the physical
properties were acceptable on current regular modulus
TPO, “A”, and on high modulus TPO, “B”, with a
functional group additive. This functional group is an
additive to assist in paint adhesion. Accordingly, the
high modulus TPO without the functional group additive,
substrate “C”, showed some adhesion weakness. Table
6 shows the comparative results and substrate “C” with
failures in high pressure washing and gasahol tests.
Therefore, for future model developments and high
modulus tool design, the high modulus TPO with the
functional group additive is recommended. This
functional group additive is currently used, and is
adaptable to high modulus TPO without changing the
physical properties drastically.

In addition to physical properties, accelerated

weathering results were positive. For this research,
typically incorporated UV absorbers, and hindered amine
light stabilizers were removed from the topcoat
formulations, to instigate degradation of the paint system.
Without the UV package, the HX layer had no protection
against weathering. However, as Figure 7 shows, there
was no significant degradation of appearance, or
adhesion. The concluding formula was set to meet
physical properties as well as show a smooth appearance,
and good workability. Although UV absorbers, and
hindered amine light stabilizers were removed for testing,
they are critical additives for the overall protection from
weathering of color and durability of the paint. This
accelerated testing showed that the HX material would
not adversely be affected by UV penetration in a worse
case scenario.

Table 6 Physical properties confirmation

Test materials Adhesion High Water soak Humidity
pressure Adhesion Adhesion Gasahol
Substrate Primer | Topcoat| 90 45 wash (n=2) Appearance 90° Appearance 90° (min)
Specification (100/100| >20/25 Oomm >8VS 100/100 >8VS 100/100 | >30min
current |\ | 5o Hx | Be19€ 1160100 25/25 | omm 8VS | 100200 | 8vS | 100/100 |60min+
substrate metallic
High modulus Bei
with functional | B| 5% HX | 2'9€ l100/100| 25/25 | omm 8VS 100/100 | 8VS 100/100 | 60min+
metallic
group
High modulus Beige
no functional |C| 5% HX met&?llic 100/100| 13/25 | 12.5mm 8Vs 100/100 8Vs 100/100 8min
group
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Accelerated weathering without UV package
=100.0

X T ——— 9
= 80.0
S
£ 600 ——SWOM
3 400 —=-QuvV
é 20.0
O 00 : . T
0 500 1000 1500 2000

Hours of exposure

Substrate: A

HX (80°C x 10min)

Base coat: no color; no pigment (20um)
Clear coat: no UV package (33um)

Fig.7 Weathering

4. Test Results

Both bumpers and test plaques were evaluated
according to the Bumper Coating Specifications, on
current bumper substrate (A) and high modulus with
functional group (B) met current levels of chemical,
physical, and weathering properties.

HX was developed to meet rigorous exterior physical
properties. However, appearance, could only be
measured accurately on line under mass production
conditions. Appearance requirements were set to be
equivalent to the original primer system. Base coat
hiding power and color were not affected by the lack of
color by HX. All colors on the current pallet were tested
by filmbuild wedge method, where higher amount of
paint is applies to one end compared to the other to show
a gradient in film thickness. Figure 8 illustrates the
certain film thickness of the paint will hide the substrate
or black and white indicator below. The definition each

hiding point is dependent on the color of the base coat,
and the color of the substrate below. The “process
hiding”, “black and white hiding”, and the “line film
thickness” were defined for a variety of colors. In most
cases the current base coat application was sufficient to
hide the substrate color. Therefore, matching the color
of body to bumper and base coat material usage was not
a concern.

Another appearance related issue was the leveling
ability and smoothness of the bumper surface after
topcoat. Under mass production environment, the HX
bumpers showed an equal or improved appearance
according to tension measurements. In Figure 9, the
tensionmeter photographs determine the DOI by the

Tension measurements
Vertical Horizontal

Waterborne primer

HX (Primerless)

Judgement Criteria
Clarity indicated DOI in these photos. Non continuous
lines indicate the DOI rating

Fig.9 Appearance-tensionmeter measurements (D.O.l.)

Example: green base coat

Lg Process hiding point
— Black&White hiding point

‘3‘ Mass production
2 v f film thickness
1 :

1 1 1 1 1 V 1 1 1 1 1 v 1 1 1 1 1

15 19 22
Filmbuild [um]

Cross sectional view

Low

» High

D | . .
© I Base coal Painted in awedge
} 5 irimer or HX

Substrate (bumper)

Top View

HX under base coat

Primer under base coat

Fig.8 Appearance-hiding
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degree of clarity of the lines photographed. Experts
judged visual appearance, and all agreed the appearance
meets or exceeds current mass production bumpers.

5. Application Process

The material properties and the design of the
formulation allow HX to be applied similar to a final
rinse. These attributes include the viscosity, and solids
content. In conventional North American mass
production processes bumpers are cleaned by agueous
power wash. As a final stage of pretreatment before
topcoat, a surface conditioner is applied to aid in the
uniform removal of water from the substrate. It isin
this stage that HX can be applied instead of surface
conditioner. The HX solids concentration is such that
the material wets evenly. Also, the solution in HX is
mostly water; greater than 90%. Therefore, the liquid
properties also behave similarly.

Another benefit to the HX material is the ability to
be recycled. Material not deposited on the surface of
the bumper is recollected and reapplied. In addition, the
degradation of the material is monitored and controlled.
This effectively keeps waste and cost low.

After the HX is poured throughout the part, it is
cured at 80 °C for 10 minutes. The heat allows the
material to dry and function as an adhesion promoter for
the base coat. Furthermore, this cure fits into current
hot air blow after pretreatment to dry off the bumper
prior to paint. No additional equipment is necessary
to cure the HX.

Pretreatment (Conventional line) S

. Dry
Surface conditioner s
Degrease

Wash DI rinse

Pretreatment (Primerless process)

Degrease HX Oven

Wash Dl rinse

Conceptually, as Figure 10 shows this process is
simple. HX adhesion promoter being applied within
pretreatment allows for current primer areas to be
converted into more valuable topcoat areas. The cost of
rerouting the conveyors and added application equipment
is far less than a new line build.

6. Conclusion

HX adhesion promoter was shown to have excellent
physical properties. The primary development was
around the resin content and concentration. The
developed material meets current requirements and
performance of mass production bumpers for physical
properties. Controlling the resins enabled appearance to
be optimized to meet targets.

Currently, the mass production process has achieved
the goals set forth. A dramatic increase in production
capacity, and decreased unit costs, has proven this
materials development a success. In addition unit
emissions of VOC were reduced due to the elimination
of the primer spray. In conclusion, Honda strives to be
the industry leader of environment and process
efficiency.
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Fig.10 Process Comparison
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Development of Weight Reduction Technology for Door Trim using Foamed PP
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ABSTRACT

To reduce vehicle weight, a foaming PP resin was
developed as a resin substrate for the injection molding
of doortrim. This material was formed by mixing a PP
resin that acts as a base with a master batch of foaming
agent. The PP resin used as the base is low viscosity to
reduce the amount of the injected resin. Non-filler of PP
resin is also used to lower the specific gravity. Crash-
resistance is improved by adding rubber. The foaming
agent used was selected in consideration of factors such
as the uniformity of foam cells, effects on pollution, and
the associated work environment. The ratio of foaming
agent was selected for a balance between product
hardness and |ow-temperature crash-resistance. The result
is a weight reduction of approximately 25% compared
to conventional door-trim base material.
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Table 1 Typical properties

Properties Typical value

Melt flow rate 230°C x 21.2N 73g/10min
Specific gravity 0.61
DuPont impact strength 23°C 9J

-30°C 1.5
Tensile yield strength 10.9MPa
Tensile elongation at break 16%
Maximum flex load 113N
Flex modulus incling 92N/cm
Flammability 19mm/min
Fogging value 2.30%
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