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Following the grand concept of “One’s MINI
TOURER,” the N-ONE was developed as a new
basic Japanese car with cruising performance and a
package in which four adults could take a long drive
in comfort, and that pursued high quality and friendly
design to surpass small cars while staying within the
kei car specification.

The design concept was expressed as “timeless
N design,” and the N-ONE is intended to be used
affectionately for many years as a new basic car. To
that end, the design effort achieved ‘“simplicity” along
with a “high-quality sense” that does not feel like the
kei car class.

The styling themes of the exterior are “friendly,”
“comfortable,” and “usable,” while those of the interior
are “exhilarating,” “enriching,” and “usable.” The

colors and fabric were also developed to bring out
these characteristics.
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Innovation Plaiform

Fig. 1 Grand concept

Fig. 2 Overview of N-ONE
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Underfloor storage

Fig. 4 Utility of rear seat and trunk

Wide forward visibility
=

Good corner visibility

Fig. 5 Good visibility
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Fig. 7 Exterior rendering
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Fig. 12

Interior rendering
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Fig. 18 New colors
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Development of New V6 3.5 L Gasoline Engine
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Atsushi SATO Tatsuhito ESAKI Satoshi WATANABE
=2 = ABSTRACT

CO, T3y ya VYDRREFEARRDEZHEL X Dljr
HETS, FifV6 35 LTy Y Vv EMBLE ATy
DYOFEEEHITHS DI VTEC VCM ¥ 27 413, 0%
INLTRAIVZY T MEWELY) Y EV AT LIZZA L
DNV 2OV a VIV AT LERBLEZEDTHS. 2
MUK OFTET ISR LR KM JIT 3.3%, MBRHE R T
20.1% DA EERZ L ATy v v a2 BT % 2014 4
E5J)L ACURA RLX TiZ, NV Mg Liz &k 3 3 &K fEHlx
RIS OJEAR, HIRIZ BT 2B A LT e Aby, BT
FOLHOKE BB R TN o 24 T — F 29%, ¥ T 4 T —
N 18% DIRELE & M L 7z

A new V6 3.5 L gasoline engine was developed
with the goal of simultaneously reducing CO,
emissions and achieving the driving enjoyment inherent
to vehicles. The DI VTEC VCM system that is the
key technology of this engine integrates variable valve
timing lift and a variable cylinder system with a direct
injection system. This increased the maximum output
by 3.3% and reduced the fuel consumption rate by
20.1% compared to the previous model. A 2014 model
year ACURA RLX equipped with this new engine,
enhanced NV performance that expands the 3-cylinder
drive area, and vehicle body technologies that increase
fuel economy achieved fuel economy enhancement
of 29% in Environmental Protection Agency highway
mode and 18% in city mode compared to the previous
model.
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Fig. 2 J35Y4 engine

Table 1 Engine specifications
Engine code J35Y4 (new) J37A
Displacement (cm?®) 3471 3664
Bore x stroke (mm) 89 x 93 90 x 96
Valve train SOHC SOHC VTEC
VTEC with VCM
Compression ratio 11.5:1 11.2:1
Fuel system Direct injection Port injection
Max. power 231 /6500 224 /6300
(kW/rpm)
Max. torque 369 / 4500 368 /5000
(Nm/rpm)
Redline 6800 6800
(rpm)
Fuel grade Premium Premium
recommended mandatory
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Table 2 EPA mode fuel economy

Highway (mpg) | City (mpg) | Combined (mpg)
2012 model year RL 24 17 20
RLX 31 20 24
Improvement +29% +18% +20%
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A new 2.4L i-VTEC 4-cylinder direct injection
gasoline engine reconciling low CO, emissions
performance with high power has been developed as part
of a next-generation Honda engine series. The new engine
employs a direct injection system provided with a high-
pressure multi-hole injector positioned between the inlet
valves. The inlet head port, combustion chamber shape,
injector spray, and fuel injection control were optimized in
order to realize homogeneous air-fuel mixture formation
and enhanced combustion. Together with the reduction of
friction through the modification of the engine framework,
these innovations made it possible to realize a 4%
increase in maximum power, a 12% increase in maximum
torque, and a 5% or more increase in unit fuel efficiency.
The use of this engine in the 2013 model year Accord,
together with the employment of a high-efficiency CVT
and modification of the vehicle body, has made it possible
to realize an 11% increase in the EPA fuel economy
label value and an emissions level corresponding to the
LEV II SULEV level in the California Air Resources
Board regulations. In addition, the use of a new engine
framework that was reduced in weight while realizing
stiffness in the areas necessary for noise and vibration
performance made it possible to balance weight savings
with the realization of an equivalent or higher level of
noise and vibration performance than the previous engine.
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Table 1 Engine specifications
ltem Developed Previous
Engine code K24W K24z
Cylinder configuration | In-line 4-cylinder In-line 4-cylinder
Bore x Stroke (mm) 87 x 99.1 87 x 99
Displacement (cm?®) 2356 2354
Compression ratio 1.1 10.5

) DOHC i-VTEC DOHC i-VTEC

Valve train 16-valve 16-valve
Valve diameter (mm)
IN/EX 36/30 36/31
Cylinder offset (mm) 8 0
Fuel injection Direct injection Port injection
Fuel Regular Regular
Max. power (kW/rpm) | 138/6400 132/6500
Max. torque (Nm/rpm) | 245/3900 218/4300
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Development of New 2.0 L Gasoline Engine for Accord Hybrid

X o oz % 3 B*

Akiyuki YONEKAWA Osamu WATANABE

B B T ST LT R

Noritaka SEKIYA Naohiro ISHIKAWA
= =1 ABSTRACT

Accord " 7w FHIZ20 LOHFVI YV v vV vk
FFE U7z, ABEORBUIMCRE L ALK 77 274 oA
7w F{LERIZ I T 2 AW SULEV20 Hifilh#EA TH 5.
MEMEILAE 13 &L, 7 hF VI UL oL E =L F
EGR #8H¥ 5 Z & THGhHE DM L4 X - 7=, BB 77
U2 VTEC &3 U, thdhe i S 4 5 P
ORI & &, BEAETHEIZH T 3 A5 A ORE
B LEFEO. REM A LEVTC EAE 52 & TR
AT bu— L L, A ELL TR T PRV Y
VHAONDRRERKICHEDSZIENTE S, ZORKE,
IV YV HRTORNRBRNE #I 214 ¢/kWh &K L,
WPEE20L TV Y VIR 10% OBRE M F 41572

Fox Yy ORRIZEBERMICIND A TED,
ROOEETH BN ZX 2 57241300, €2 b VDR
Wkah, v 2 8470y H7 — 2OPKMANOEH % &
AB IV, BE20 LTV Y25 DOHCILLAEAS
4.7% DR EAL & ERK L 72,

We developed a new 2.0 L gasoline engine for an
Accord hybrid. This engine achieved remarkable fuel
efficiency, and complied with the SULEV20 regulation
for the first time in the world for an Accord plug-in
hybrid in North America. The mechanical compression
ratio was set to 13 and improvement in thermal
efficiency was aimed at by adopting the Atkinson cycle
and cooled EGR. Applying a VTEC system to the intake
valve-train, we set up the output cam and the fuel
economy cam. The output cam has narrow duration
and is used as needed at the time of starting and high-
output. The fuel economy cam has wide duration and
is used during normal driving. By controlling air-
intake closed-valve timing in combination with VTC,
the fuel economy cam can acquire the maximum effect
of the Atkinson cycle. The minimum specific fuel
consumption attained was 214 g/kWh, equaling a 10%
improvement in fuel consumption compared to the
mass-production 2.0 L engine.

Moreover, we also aggressively tackled engine
weight saving. A lightweight forged crankshaft was
adopted, and the piston design was optimized, and
lightweight press-type rocker arms were applied to the
exhaust valve-train. As a result, the newly developed
DOHC engine attained 4.7% weight savings over the
mass-production 2.0 L SOHC engine.
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Fig. 1 New 2.0 L gasoline engine for Accord Hybrid

Table 1 Engine specifications
Engine Type Developed Current
Cylinder configuration Inline 4 Inline 4
Bore x Stroke (mm) 81 x96.7 81 x96.9
Displacement (cm?®) 1993 1998
- VTEC and
Valvetrain (intake) E-VTC VTEC
) Finger rocker arm Rocker arm
Valvetrain (exhaust) (with HLA) (with rocker shaft)
Number of valves 4 4
Valve diameter (mm)
Intake/exhaust 33/26 82/26
Cylinder offset (mm) 6 12
Crank journal
diameter (mm) 50 55
Compression ratio 13.0 10.6
EGR system Cooled Hot
Water pump Electric Mechanical
Fuel injection type Port injection Port injection
Fuel Regular Regular
Maximum power 105 kW 115 kW
Maximum torque 165 Nm 192 Nm
Emission regulation SULEV20 EURO5
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Fig. 2 Engine performance
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2500 rpm, 120 Nm O#ifizR 4{ » +TBSFC 214 g/kWh
B U7 72, HE2.0 Ly v EEENICTHT S
BSFC @ i T3 A3 T 10% D % 15 7= (Fig. 4).
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Fig. 6 SULEV20 regulation and emission performance
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Development of SPORT HYBRID i-MMD Control System for 2014 Model Year Accord

HOF Mo ok & LT Mook BT
Hirohito IDE Yoshihiro SUNAGA Naritomo HIGUCHI
C=2 = ABSTRACT

A 22 C Oy PEH IR ESR ISR X<, @b #E
B2EF—ENA 7))y FYZ57 4 SPORT HYBRID
Intelligent Multi-Mode Drive ZF¥ L 2014 {FE 7L
Accord IZHEH L 72, ZOHIEIY 27 AFEV F 547,
ATV FFIAT, TPV EITATOIFDOLE T4 T
E— F2RPUSIBC THEOWT 5. A7)y FRIZE
%0 39% ORE IS LT3, KRRy 257
LHEFITHIS L2a v R — 2 v b EGSARE AR L, 5
JEVE & ETHEREDMIL 2 X > T D, ThEDY 2T bk
HIEFAGOERHIZ & D, Accord 7T 74 VN4 7)) » KT
13 13 mile @ EV E4TEEEE 115 MPGe (Charge Depleting
mode), 46 mpg (Charge Sustaining mode) D#AT; % 3K ¢
3 & &y, BRI D 720 OHIF & 257 ) DD
PR A iR T 5 Z L A nREE L7z

A highly efficient two-motor hybrid system named
SPORT HYBRID Intelligent Multi-Mode Drive was
developed and mounted in the 2014 model year
Accord to meet global demands for CO, reduction.
The control system switches the three drive modes
of “EV drive,” “Hybrid drive” and “Engine drive”
according to the driving conditions. Together with
hybridization, this helped to enhance fuel economy
by 39%. In addition, cooperative control between
components was developed that supports the large
system configuration, and helped to achieve both
reliability and driving performance. Installation of this
system and control technology in an Accord plug-in
hybrid achieved an EV driving range of 13 miles and
fuel economy of 115 MPGe (Charge Depleting mode)
and 46 mpg (Charge Sustaining mode). Furthermore,
sufficient driving performance was also maintained
while observing the constraints required to secure
reliability.
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Table 1 Specifications of hybrid powertrain
Type L4 DOHC Atkinson
Engine Max. power [kW] 105
Max. torque [Nm] 165
Type Interior permanent magnet
synchronous motor
Max. power [kW] 124
Motor Max. torque [Nm] 307
Max. speed [rpm] 12584
Max. voltage [V] 700
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V&M T 5728, mh#% 7% SPORT HYBRID Intelligent
Multi-Mode Drive ¥ 27 A &FFE L7z, BAFEL 72787 — b
LAV, ZVV Y, E-R VXL -2 ENKL-E
%2 CVT, Power Control Unit, Integrated Power Unit T
MR EN5, FREh=T—213) 522V X MLy O
HERT=1C R ANPNUN="0 78 (=T \ DAL (BB O =T v/ES 4
% ¥ Z 7 > 7z. Power Control Unit I3ikEMRENR FIZ & 2
N L e KR F » TIC kA ERLE B 2 5
7o T ORER, E—HIFHRA IS 307 Nm LA
124 kW #3281 L, Power Control Unitid 700 VHIE &  —
2L T 400 kVA 2L 72, IE3h#2id Power Control
Unit & E— X %3 96 % 2 FHL 7=,

A highly efficient SPORT HYBRID Intelligent
Multi-Mode Drive system was developed in order
to achieve a balance between the joy of driving and
measures to address climate change and energy issues.
The developed power train is composed of the engine,
an electric coupled CVT with a built-in motor and
generator, a Power Control Unit, and an Integrated
Power Unit. The built-in motor was given higher
torque, higher output, and higher efficiency by using
reluctance torque and raising the voltage. The Power
Control Unit was made more compact and power was
increased by enhancing the unit’s heat dissipation
performance, and it was made more efficient by
using a low-loss chip. As a result, the motor achieves
maximum torque of 307 Nm and maximum output
of 124 kW, while the Power Control Unit achieves
a voltage increase of 700 V and total output of 400
kVA. The Power Control Unit including the motor
achieved a maximum efficiency of 96%.
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% Integrated Motor Assist(IMA) ¥ 27 & VABFEL, (&
IREAL & X > T 7=,

BT, FMOY¥ T LIy g VEHE LTRSS
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2. SPORT HYBRID i-MMD ¥ X 7 L
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Fig. 1 Hybrid power train
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Fig. 3 Section of electric coupled CVT
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Fig. 2 Operation modes
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Table 1 Target performance of motor
Max. torque 307 Nm
Max. power 124 kW
Max. speed 12584 rpm
Max. motor and PCU o
efficiency 96%
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Fig. 4 Motor torque characteristics and operating area
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Fig. 7 Motor voltage and torque characteristics
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4. PCU
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Table 2 Target performance of PCU

PCU total max. output 400 kVA
System voltage 700V
Max. motor and PCU o
efficiency 96%
PCU volume 11.5L
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RS T 27 4 2RHAT % 2 & TEtibRinE B
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Fig. 11 Block diagram of PCU
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SPORT HYBRID A Li-ion /Ny 7 1) D%

Development of Li-ion Battery for SPORT HYBRID

PN B SR | [ T T AT T
Yoshikazu OHNUMA ~ Koichi TAKAHASHI Tsuyoshi MATSUDA
= =} ABSTRACT

Honda SPORT HYBRID OERMEEIZH IG5 ) F
LAF Ny TY)VDRRELZ k7.

YL OYERER 1D 7= 8, BRI R K R0 W6 B A
BN 2L L, -10°C 123\ T 63%, 25°C 2B\ T 26%
O EE 6% OFREIN EERK L. £72, ¥L0ht
JET 1 L BB & HEFE U 72 2 212 & o TREIRE A D
HE P CHEBLE, TV 2-LREZVFFL =R 7
L — AOMBERE LEIRERE, 5L 0L ORRHEEDE
WhibZhn, YULREFRORS EHEROMEIZR LT
7% KUk % 3K L 7z

A lithium-ion battery was developed to meet the
performance required by Honda SPORT HYBRIDs.

The surface area of the electrode was expanded and
the amount of active material applied was increased
to enhance cell performance. This achieved 63%
higher output at -10°C and 26% higher output and
6% higher capacity at 25°C compared to the previous
cell. In addition, mounting compatibility with existing
vehicles was realized by keeping the same cell outline
dimensions and voltage behavior. The module length
in the cell stacking direction was reduced by 7%
compared to the previous structure by changing the
materials and shapes of the end plates and frames, and
by changing the structure used to hold the cells.
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APBH¥ T3 SPORT HYBRID IZi# L 7= 1EREE 4 X%
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L L7z XHI2IMA ¥ 27 & &L 2R & o 7 i
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Development of Robotic Lawnmower Miimo
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Development of the robotic lawnmower Miimo was
pursued in response to people’s need to make their
lawn look nice without spending time and effort on
it. The product was developed on the three concepts
of giving people a sense of security about letting it
do the work, making it simple for people to use, and
allowing people to spend their time in comfort.

In order to enable the lawnmower to continue
its work automatically without imposing a burden
of labor on the customer, the unit was given the
capability to recognize its work area, to automatically
recharge its battery, and to avoid obstacles it might
encounter. In order to maintain an attractive-looking
lawn, the product assures finish quality by adopting
movement patterns that cause the mower to work
through the entire area thoroughly, a mowing method
with a mulching system that distributes mown grass
over seedbed soil, and movement patterns that avoid
leaving ruts. Because the product works automatically,
a conceptual approach of functional safety was built
into the system so that there will be nothing to worry
about even if someone other than the user approaches
the machine.
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Fig. 1 Robotic lawnmower Miimo
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Table 1 Basic specifications
Name Miimo300 Miimo500
Model HRM300 HRM500
Overall length mm 645
Overall width mm 550
Overall height mm 275
Wheelbase mm 300
Mass kg 11.5 | 11.8
Wheel Front wheel| mm 100
diameter Rear wheel | mm 200
Running speed (Forward) | m-s™ 0-0.55
Trimming width mm 220
Trimming height mm 20-60
Blade rotating speed min’! 2200
Blade type (number of blades) Swing-back type (3 blades)
Motor Fordriving | W 10.8x 2
performance |For mowing| W 253
Type Li-ion
Battery ™ Capacity 222V x 1.8Ah | 22.2V x 3.6Ah
Transformer output current | A/VA 2.3/60

oAy b EX DO HIGEEL, 2006 412 IZM*I‘IFEL%I:
BOTHEBIBGEER 1L TERE TS 57228, 2012 FI2
WO HBEED, HHEADICEREL TS, it,
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Fig. 2 Prediction of European robotic lawnmower
market growth
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Table 2  Stop functions

Functions Description

Manual stop switch |Blade motor and wheel motor are stopped by pushing a

detection stop switch

. . Lift sensor detects when user lifts up mower, and then it

Lift detection
stops blade motor and wheel motor.

When tilt sensor observes limit angle of inclination, blade
motor and wheel motor are stopped.
Rollover sensor monitors mower. Rollover sensor detects
Rollover detection |the rollover of mower, and then it stops blade motor and
wheel motor.
Area sensor detects pulse from boundary wire and
constantly monitors the status of inside/outside the
area. Area sensor stops blade motor and wheel motor
when pulse is not detected due to disconnection or short
circuit of boundary wire.
Wheel motor stops at time of collision. After mower
collides with person or obstruction, obstruction sensor
maneuvers the mower to avoid them.

Tilt detection

Detection of area
interior

Obstruction
detection
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Development of ECOWILL PLUS Micro-cogeneration Unit with Autonomous Operation Function
for Generating Electricity during Power Outages

A A E & b &
Masanori TAKEISHI Yoshinori NAKAGAWA
B L ek & 4°
Atsumu NAOI Nobuyuki SASAKI

B = ABSTRACT

PEERFBICTTH ALY Y VA REI+ 5 2 & TR
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To. (BRI Ny 7V FOMBE ML TIHE) T X S RE
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By VIGE) A ATREIC T B 720 O T AR B A T L
Tz FkOa -V xL—va vy ME, RRE
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A micro combined heat and power generation
(micro-cogeneration) unit for residential use has been
developed that can be used during power outages by
manually starting a gas engine. This unit is equipped
with a recoil starter as a device that enables starting
without a battery or other auxiliary power during
power outages. Start control for autonomous operation
was established to enable engine start by recoil. In
addition, currently sold cogeneration units output
at 200 V in order to connect with the grid power,
but the developed unit also has a dedicated 100 V
output terminal for autonomous operation so that the
generated power output from the unit can be used
directly by electrical equipment during autonomous
operation.

These technologies enabled development of a
micro-cogeneration unit with autonomous operation
function for generating electricity during power
outages that maintains the same size and performance
of currently sold micro-cogeneration units.
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’ |

Hot water storage tank and supplementary boiler

Fig. 1  General view of micro-cogeneration system
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Table 1 Specifications
. Grid connection 1000 W
Electricity -
Output Autonomous operation 980 VA
Heat 2500 W
Heat recovery 75°C hot water
Efficiencies Electricity 26.30%
(LHV) Heat 65.70%
Dimensions (L x W x H) 580 mm x 298 mm x 750 mm
Mass 76.0 kg
Noi Grid connection 43 dB(A)/1m (JIS B 8627-1)
oise
Autonomous operation 47 dB(A)/1m (JIS B 8627-1)
Starting Grid connection Starter generator
system Autonomous operation Recoil starter
. Type GFV110 (EXlink)
Engine -
Displacement (Comp./Exh.) 110 cm®/ 163 cm?®
Table 2 Comparison list
Iltem Recoil starter Starter motor Starter generator
Power None
source (Manual) Battery Battery
Usability Good Good Good
Mass- Good Good Good
production eneral purpose engine |general purpose engine|  cogeneration unit
experience |9 purp! gine g purp g 9
Installation Fair
ability Need operating space Good Good
Maintain- Good Fair Fair
ability Must replace battery | Must replace battery
Layout Good Fair Fair
feasibility Need additional space | Need additional space
Conformity
to regulation Good Good Good

DT X2 MNEN D 5. 7 2T, (EBREOLME) T /v 4 2
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BB 7.

2011 4EEF LT/ L2 = b T, TV YV
PHOZERIN D5 72728, WHZ VO Vb T3
VIAANZL -5 BT HZ VR ETH 7. 22

Select switch Recoil Inverter  Converter

Recoil grip

Noise filter

| _~Inverter fan

100V output
terminal
(breaker)

Fig. 3 Structure of micro-cogeneration unit
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Recoil case (Fan cover)

Fan cover

Recoil grip

Alternator

Recoil starter

2011 model year unit

Fig. 4 Recoil starter

Switch panel cover Recoil grip

Rope guide

Without recoil grip cover

With recoil grip cover

Fig. 5 Position of recoil grip
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Fig. 6 Starting procedure
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Fig. 7 Flow of electricity
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TR (Fig. 8) #9fEL 72 2 A, k7 — V) 12 75 mm
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Wind velocity
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Fig. 8 Flow analysis of cooling wind
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9 Recoil case

Fig. 9 Structure of recoil
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Fig. 10 Human model layout
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Fig. 11 Starting sequence of autonomous operation
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Power for
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control
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Grid power Grlﬁ_| Sg;/ver

Fig. 12 Diagram of converter
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Fig. 14 Cogeneration unit block diagram
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Flat Belt Test System for Suspension and Tire Measurement
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A new chassis testing system equipped with flat
belt roadways for both left and right vehicle wheels
has been developed and put into operation. This
system is designed to be capable of comprehensive
performance evaluation of vehicle suspension and tires.

Testing of suspension characteristics using actual
vehicles requires many work-hours of testing on
the proving ground in order to assure measurement
accuracy and to reduce deviation from environmental
factors. The use of the present system, however,
enables enhanced development efficiency by replacing
proving grounds test evaluations with testing of the
system in a fixed environment and by shortening
measurement time.

This test system can be transformed into three
measurement modes: the first mode can measure
suspension characteristics of the front or rear wheels
of a vehicle; the second mode can measure suspension
assembly characteristics by testing just a suspension
system with tires; and the third mode can measure the
characteristics of tires alone.

In actual vehicle testing, the vehicle behavior is
measured under the influence of forces generated
in both front and rear axles, which are dynamically
coupled with each other through the vehicle’s motion.
It becomes difficult, therefore, to separately analyze
the influences of the front and rear axle tire forces on
vehicle dynamics. The present test system can measure
the component forces and moments of each tire of
front or rear axles separately with a vehicle body
constrained to the ground, and can provide analytical
information to improve vehicle dynamics performance.
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Vx: Belt speed
SA: Slip angle
Fy: Lateral force
Fz: Vertical load

Surface plate
SAAAAAAAN \§

Flat belt systems

SA

Vertical excitation actuators

Fig. 1 Configuration of VT mode
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Table 1 System specification of VT mode
Vx 0 to 180 km/h
SA -20 to +20 deg (up to 3 Hz)
Fz 0 to 15000 N (up to 25 Hz)
Fy -10000 to 10000N
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Fig. 2 Photograph of VT mode

Table 2 System specification of SC mode

Vx 0 to 180 km/h

SA -20 to 20 deg (up to 3 Hz)

RA -15to 15 deg

Fz 0 to 15000 N (up to 25 Hz)

Fy -10000 to 10000N
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Table 3 System specification of TS mode

Vx 0 to 180 km/h
SA -20 to 20 deg (up to 3 Hz)
CA -15to 15 deg
Fz 0to 15000 N
Fy -10000 to 10000N
My -2800 to 2800 Nm
Fx -6600 to 6600 N
Slip rate -100to 100%
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Table 4 Cornering force test conditions in VT mode

Test vehicle 2010 model year JAZZ
Tire 175/65R15 84T
Vx 30 km/h
SA 0to 12 deg
SA change speed 3 deg/sec
Air pressure 220 kPa

Suspension stroke 0, 20 and 40 mm

Vertical excitation 5 Hz, +/-5 mm
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Fig. 7 Cornering force change to slip angle in VT
mode with or without vertical excitation

Table 5 Cornering force test conditions in SC mode

Test suspension 2010 model year JAZZ

Tire 175/65R15 84T
Vx 30 km/h
Fz 7000 N
SA change -4 to 4 deg, 0.5 Hz

Air pressure 220 kPa

Table 6 Cornering force test conditions in TS mode

Tire 205/60R16 92H
Vx 60 km/h
Fz 2000, 4000, 6000 N
SA -12 to 12 deg, 6 deg/sec (triangle)
Air pressure 220 kPa
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Fig. 8 Time history of cornering force and tie-rod
end force
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Table 7 Cornering stiffness test conditions in TS mode

Tire 205/60R16 92H

Vx 10 km/h, 100 km/h

Fz 200 to 7600 kN

SA 1 deg (const.)
Air pressure 220 kPa
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Fig. 9 Cornering force change to slip angle
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Development of Stamped Frames Made of High-tensile Steel Plates with Light Weight
and High Production Efficiency for Small Motorcycles

I I (O >
Hideaki NAKAGAWA Masahiko TAKENAKA
7 =1 ABSTRACT
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A lightweight stamped frame with high production
efficiency was developed for application in small
motorcycles produced in large numbers. This
development was motivated by the challenge to
produce the lightest frame in this category of 150
cm’ displacement motorcycles, and weight reduction
was pursued by the application of thin plate material
for its production. To ensure the necessary strength
and stiffness, high-tensile steel plates were used and
the suitable cross-sectional profiles of the frames
were newly devised. In the production using high-
tensile steel plates, there exist rigorous restrictions
in the orientation of parts partitioning, because they
are highly resistible against the extension force and
the press-forming of the parts with a large depth is
considerably difficult. To cope with those restrictions,
the forming parts were designed to have limited
depths by employing the structure having flanges for
welding at the upper and the lower portions of the
parts enabling the coupling-type assembly along their
horizontal direction while achieving enhancement
of the strength, along their cross-sections, in the
direction of the main load application. Moreover,
the manufacturing time was shortened by normalized
manufacturing processes and the simplified parts
correction process brought by the application of the
separated structure of the frame, which formerly was
a mono-bone structure. However, when the stamped
frame was constructed with the front-rear separation
structure, the yield rate of the parts per plate went
down and became an issue because of the complexity
of the parts shapes. To cope with this issue, multiple
parts blanking, in which multiple parts are cut out at
one time, was introduced by adjusting the thicknesses
of the yielding plate parts into a few standardized
thicknesses. Consequently, the weight reduction
was achieved while minimizing the increase in the
manufacturing processes and the decrease of the yield
rate, even though the frame parts were downsized
and divided into a larger number of parts. Through
these measures, a 30% reduction in weight and 30%
reduction in process time were realized compared to
the current stamped frame manufacturing processes,
while maintaining the equivalent strength and stiffness
of the frame.



SRNAIRICEZ2BEETHPOESREEICEL /N ZHERATL X7 L — LDORRE

1. $AHE

W5 D BRIz AL, KUTGFOBREBIEIIN L, i
HUZEHEWTE CO, PR HIRDOEL D flA D EFE & &> T
3. RREERIE IS T, AN T 0 TR B & S
A H 0, AEREBEOBINZ R, ETRED CO, PR RIS
Mz THEERETO CO, PR R OHIR S FRE & & > T
5. 2D, & F T wBRE M LEGTRERE RO
LIZH D LA T BHER B 5. BRI W TIE %
PR E T EOFBRE LTRSS Z abh T3, #
IZFEREORTRELHAEZ DL TV — LR T —DIFE
LGB EARN R EHETH 5. & HIZEBHmORRIL & EpE
DOEIFEZ, BEMEOAL LS, a2 VEFTODH 5
R EEPET 5 LT RMELRDMATH B.

Honda i3 7 7 Y NIZT, AL T N T HGHL.O
TEIDA TE 2, R THHM 80 HE (2011 1-54) %t
ABMBEEBRDL N CG ¥ ) — 2T, i%%%%%
IZBZG>TWWRBERH 572, £/2CG YY) —XI2BW
fu,ﬁht%ﬁ?@iﬁ%,kg@ﬁ%é%ﬁbf@%
e, HiEnitcHfcshaZeddb, Zhilitx
SNBHE HItEA S 577 L —LWRBETH-7-. Th
LAEMEXEBR7-0I12, 7L —LFEIZIE 1999 4E0 6 7
LATL—L&FMALTEL AEDEE2EHL TES N
TV ATV —L7ED, E655BROBMZEY, &b
W 7 S AR A L X BT ST & 7

—J, M THRHIZ BT B 7L — AR T — 0 bIE X
FXELEMETHE I DN TED, 4 TT7L—=412BW
T BB 2 M s ks n hTng Y
VAT L —=LIlEWTY, ZhE CRELOID AL
ThbNTEREY, MY ORI A EOBEIZ L K
%&%%ﬁ%%hfn&#ot.i%%ﬁa%ﬁﬁﬁﬁw
TUVZAT U —=LIZ60T, BELEBZ K> T 7201
i, EFETIEA2GD-RE LI BETH > 7.

ZDO &S B HERE & APFETREIILA, HEREREICEM
TEBRETHhOEFENEDEHNT L AT L — L EH7zI
FAFEL, 201347 ALK DAEE#IAEL 72 2014 FET L
CG150 1z U 7= (Fig. 1). AR Tl 2 DI 2 R
DNWTHENB,

2. AEDODR SV

2013 FFET I CGI50 FfER T L Z 7L — LA R—-2Z &

L, BARHREE LTk 3HEH #8%E L 7=

(1) fERDTL 27 L — 2125 LB R % 30% Ik

(2)HERD TV AT L — L DEFETFIIR U TR %
30% Hilk

(3)PERD TV 27 L — & LRI OHAIERE (R, W,
PRE)) % F8

3. BEE(LD /- DFRE & HiTFEE

31. 7LX 7L —LDOBREBEIL~NDREE

Fig. 212 2013 F-EF L CG150 D7 L — LK T — IR
BT, RERDT L AT L — L3AFEREE 5729
ZEy VEBAETRELEE )R- VEEEARHL TR
2. B AR -VEEELEIEANY PSS ThEV - L L E
TEIRTOENTVAHETH B, ARy MARIIARE
PERENFEETFETH 20, BAHD 7 7 v VR REAR
ARTHY, ZOWAPWERIZIDOEND., 27 A
MoE&bEIs &5 BREEIR, —D—D DA B
FEEMLLBRE 5720, BELO-DOREI
Wit 7%, MEER D ORWEROMAAEDLEE, X
Ry MEEHOT7 7 vV &G LED XS ITIHHL Tw
PR EOHEE 55T B, ZTO=0EBED I ET
O IEALR, i ASI S % B L 228530 B Wi
BEENHRIFOFEA Y VB, LrLars, iaH7
5 VYR LAMIGEHTE 2L LT, Mlimut X
NIA T IV =Ll 575V VOBERITET S
N, LEDN-T, BEE 30% HIkd 2 20121, Hd
FOMAL7Z0 Ta L, MR WEOEZICH L TEEET S
VBB B.

3.2. ERERNMRDIEMR & RE

BERALIZIE, MROERIEAIROTHS. L Lah
5 I e i HERBLICIN A 5 M2 5 OffERs & 2 2 F i)
DI EEHZEL THREZEEST 2 0EPHS. 22T, %
H O I3EIR DS O PR & BaT L 72, @R i TIs

Fig. 1 CG150 2014 model year

Fig. 2 Mono-bone frame of 2013 model year CG150



Honda R&D Technical Review

Vol.25 No.2 (October 2013)

DUfG TR O FE LTI AR bh T3, Fig. 3
WHBHRE S 720 OB E %25 7L L 28 D 2R T. &
TRJIIINR L BB RE, ZAR e 2 BRI & 72 O O PR A
Knz®, DREL TSR EOHIRIZ D 52 5.
Z 2T, RO ERDIER A, ko TV 2T L — 4
1L T 30% OREALAD XL 72,

PRE & MR SR IS L7235, e k5T 5D
FHRILIZ K 2 7 L — AMIPEDIKT &, ffdEic X 52
MREL B D720, BNPEMLRT A3 TH 5.
IhoDOFEIIH UED LRTHIBTE 2 Li2&- T,
MR O EIRSINR AR 2 2 &N TE B EF A,

3.3. 7L — LIBEDMEET

W TR MIME A fER T 5 728, FEAERSERALIE
LA U 72 AW RIS 2 $RH U 72, A2 X B (s 5 1A
U, B WK & B U, FFIR CHiE % 321 5 b
& L7z, Fig. 4 12 RSB O Wi IR 0 #IH Hfik &2 779
TU AREE T —RERI O 4 TIzx L, WiEE IR & BN
ZAXEBZENABETH S, TORNETE»L, Bk
PRRLIZ B A s, MIPEMEDR T & B & O IZ IR & B

High-tensile steel| plate
=== Hot-rolled sheet steel
- =+ Cold-rolled sheet steel
iS)
c
g
o
@
[
O
Mild steel plate
0 200 400 600 800 1000 1200

Tensile strength (MPa)
Fig. 3 Cost against strength of steel plate

Lower main member: t1.5

Current frame

Upper main member: t1.5

L7z 512 TR Gl Lo MM™MZR) & (md 5 Z
&, WEHIZ L7722 22 X BMIEDEE T 2 Fiv

3.3.1. AMEICHT 27 T0—F

WrE IR i i Ic 2 b X 8 5 Z L kb, MAEFT
L7234 T8 BERIPEOMERIZTE 22, il & D4
AW C g, 2O OMESME T 5. FEK
TR, ERYy T — PR VYV ABT A 20IC
IOFMAELTCED, HOME L >TwWa. 22T, Wi
EHUC 272008 MEREL, MMEOMRESZ k72,
F72, A4V RAVUINE Y — b L= ILOFEAEIE, BERO
S RERAEML, L — AL Ta k2O &
LT3, ZOMEHIZ, MIMEE R L3I
EIRIZLTWE 2, v — L —h 5D CNES AL
Ehd ke, WA O UBICER LR T WP S 5 729,
L LTOMMEMET LR W, 22C, O LEEZE%
BHIES 272012, A4 v AV SONNZA v F—Ht vy b
ARE L 72, ZOEMIZ & 5T, WMEROZEIC X 3l
PEDIKTAMASZZ L L7 VR M EBORHI &2 HE
WL X4V AYNOOUBERORIGE I Z 7% - 7= Mk &
Fig. 5129, DIk, ThE TITBRT X 2 FigihE & &
RAFAROFIZ X D, A4 v AV INOWBEEREFKD 1.5
mm 2* 5 1.2 mm IZERL T2 Z &N TE .

332 BEICHTZIT7IO—F

BRELAE LT BT, WE EoBREE RS0 YT
L—AORETHSB. VY 7L — 48, Flzy— L —
i, REMERYY 7 9 Y 3 VS EOMEATIZ 32T
B TH L. @WlibE B 255 &, fiE &% 7B Ep
MEGRDOZEMNENREL &Y, §ithD TV — 55274k
EPEH BN BERT S, 20D, 20T E SR
3 WK & T IS iE T 2 MR H B, 2, v — b
L — LEBALIE T E O A A AT, E N AAAETH
5. 20729, ETVAHOWIHGREAE K E WS L5
HlOPAWIASE & L, mEAm (LR A ICEET 7 v
ERE L. Fig. 612y — L —LDY Y27 v Y3 VIRE
SRR D FIHW R A R 3. 20 & 5 IS EERAIZEY)
EMEERERE TS 2L T, (EROTL 2T L — A%

Right main member: t1.2

i e

Left main member: t1.2 /

Developed frame

Fig. 4 Comparison of cross-sectional shapes of main members



SRDBIRCLIZBETHOENREEICE L /B ZHER L X7 L — LDOHE

DT AR 22N TE = La L, &iRIHIIK
EHREIZHO D5 <, ERMOBRIBE S IZHIFI A TS 20,
G EfE &5 &, BOTMOWmEREAHER LIZ< v
ZIZT, = L= L OEL & D5 EM % WA I Bl E S
BT EIZKD, ¥— L= LARTHEES AL S DOFTEA S

Inner gusset

4 )
Scale: 100x

.

Add inner gusset

Deformation
\_

IZHT52 73 2% B2 Zheoxfibe 590 MPa #%
DEIRTIFRORHIC L D, SRR MHEEZ T LI LN
WREL 5D, ¥ — b L — LM OREEHEHKD 1.5 mm »
5 1.0 mm £ CTHR(LT 52 &N TE .

Head pipe
<

Right/Left main member

Upper support Pivot plate

Lower support

Fig. 5 Structure of main frame parts

Upper main member: t1.5

! ‘;i /Rider and passenger weight

Long overhang
length

Lower main

\ Road surface reaction force /

member: t1.5

Current frame

Seat rail patch: t2.0

/ / Seat rail patch: t1.6

Rear cushion bar

Rider and passenger weight
Short overhang

length

Inner/Outer
seat rail: t1.0

WA

N /

Road surface reaction force

Developed frame

Fig. 6 Comparison of supporting area of rear cushion

4. £EY A 7IVE LD DRE EERFE

41. KD TL AT L —LEETTR

Fig. 7IZHERD T L 2 7 L — A DEHETFROMK 45
I o0 Taryr) - IREEXf vay T - L
TR SN TS, Bk b, #9723 v 7 ) — b
D TREFBICEDN B 5728, BROTIRIZAE B2 2
MHoTW3, £-H 7307 ) — FEMOEREL KoY
7)) — P THETERE, BIEXEREEY, A4 vayT) —
F TR CTOMGRMEENMDEE L > THh, &, “HODIf
B, BIEEENRELTWS. ZThoDZens, LER

BRI L 7V =R 7 =% X DER S AEFEL T
72012, TR OFHIIC X 288, BIEOERE LA
ML S, YTy T) — FEMOIEER, 7 O TR
BIOZZITIEEREE DN KE LS Bb>TWb729, XDEW
BREEA T 591203, ERMEE, S ORE L ALEL
5T 5.

42 BRTEDERE L BE

WRDT VL 2TV — L DOFEREE, EED TFR K &
MRS E D EEZHBE LT, B/ A — VRS RAL
TW5, B eBRR7Z k50, EagdsmcxtL, 7,



Honda R&D Technical Review

Vol.25 No.2 (October 2013)

XAy AV = MEBMOBEREEEHEL, X5k 54581
EXEREND B, T I THRDISA T TV LD K5I
MBS ERSED 7L — LR F — LT3 2 & CAED AR %
[X] - 7z.

Fig. 8 ICHIB A EINGE L L2 L 27 L — 4 &RT. §il
MOFBLIT Ny K254 ThEERY 8L — b ETEME
Y 5. MO IZYy— L - ZhELz59 T
Fa—7T, 7a AT — MITHEKR I NS, Jifhsr B
12 L 72O FREIL, S IR O ML & APRHE R £ 0 DK
TThB. M, A TETFFKELET LV —LKRT —
BAEHEE E D 2 En. LT R —RIETL 2710 — 4
W, MR £ D 84 IS LIRS, AEpEN IS,
DD TV AT L — L THEENREN FX 2, &ﬁ#o:
Z bERF A MRS 5 120F, MRUER & D 2 RokRRIC
TS REDRD B,

4.3. MASZEVE LD - OFEMER & ERFE
PR £ 0 O P & LT, SBRIZIRO M2 &
5. TV AGBBTHSE 0 REWEREZEETHD,
WD & EL MR Z 5. 75 V% v IO REE
WOEME L, W CTa< ks L, MEREEE DK T L
T SR A/ NIME L TR 0 &2 B 5 2 &3l
HECIEd 228, Kifl, bl 4, A L, XU
mDAEFE TREB RN 5. LR EZEST B &, Mk
HEDAEET220ThL, BREKERIMET 2L 8
KOOENTL B, £/, BWAERELICEV T, BIRE
Fa—RIZIZTRIEL T\ 5729, BRIEROMX 2 & LT
b TWBEFERIEHIZH Y b5 ) AT BHE
LB, MBHEIZIZZOh Y M EEENTHE 2D,
INEMEEEE DB LA EWERO D ELTHITS

Sub-assembling process

Y

Seat rail assembling part

Head assembllng part

h3. 22T, UTO2IZHIRL, MHE2EE £ 0 of Lk
RO 57z,
(1) #RPIZIR OB T2
(2)MBDTIvF v IR
431, BRPROKRHEFE
Fa—gBicHL <, BEnmbEEX 23 Fike LT,
WIS v F DA T+ — LABIE O % RBEt L 7=
Fu—lg e, BHEMADD, 2RICENEEE X4
BRIETHY, —H7+—LRIEEE, iF4 ke L7
BIETdH 5. Fig. QIZBBIETFHEDOTIEERT. 74 — LK

Front assembling part

!

Rear assembling part

Fig. 8 Frame structure divided between front and rear

EVEVEV S

Draw forming process

=i

Form forming process

Fig. 9 Comparison of stamp forming process

Main member assembling part

/- Main-assembling process

e

-

Fig. 7 Flow of welding process for manufacture of current frame



ERAEIRICEBIBEETH OSREEICE L /N ZHEATL X 7L — LD

ERMEEE E 0 AR WA, Fa—RIBICH L Y 7 aRA
LR <, IWREBEIMMEL 5. YI9DORELEWA 572
W, 77 v FV SREERIBIRORIRZED D L nBIRIC
FTHZENYPEhD. 22T, (RO E ARG
L, EAAbHbE THRIBEZ DEWEBRIBRE $5 2 & T,
JAREEE RSP Lz, & — b L — L ERIZ P & A4l
30 =BT RIRSE & L 7=, Fig. 10 12Dk ER$. &
NoDOWRmAE Fu—KE L =88, MR E D13 53.5%
LB 2L, SEERA LS v P L AT — LK
HTOMBEREEDI263.7% L&D, 10 K4 Y Malk&
HBHTENTET.

Right main member

Left main member

\ Front member

Front assembling parts

Inner and upper seat rail

Outer seat rail/ //

432. MEDTS x> T IR

T vF v IREOMEPER 0 Om LD 7280, KA
DZENTz AR — ZN/NER Y & B L, 8Bl 7
VEV T EBI ko7 ZO8BEERHT S ETORAD
AL, MBIERE AR T A0 ENHH I EThHD. &
72, W TS VR v 2% 25 IR, BB O
ABAEDESNEREEESTLS. 22T, 7ury b 7L —
L3 OMEE 1.2 mm & 1.6 mm, VY7L —AEMD
WEZ 1.0 mm TH—L77Z. 20K SERkET2ZLT
Fig. 1112 &5 5L EBRIAING 75 v F v 7 nafiE L & >
7. Fig. 12 IZHIHO T L 27 L — 2D E D &, %

Inner and rear seat rail

Inner and lower seat rail

Rear assembling parts

Fig. 10 Shapes of each stamped part

t1.0 Blanking
Fig. 11

Simultaneous blanking of multiple parts

Material utilization

Current frame body

Developed frame

Form forming and
simultaneous blanking
of multiple parts

Form forming

58.1%

61.4% 67.9%

Fig. 12 Comparison of material utilization



Honda R&D Technical Review

Vol.25 No.2 (October 2013)

WA TS v Ry ey VL 2T —aKEEBZ
BoREOMEBPEH £ D 2R 7. ZZITRLMD, ik
DFVATL—=LIZH LAy L AT r—LKIET 35 F
AVDE, E5ICZIHhELERBAIGT TV F 27 T65 K
AV PR 2R B2 2N TE . SHFEHL
TOOFHEICKD, fEROTL 2T L — AL 10 KA
VMR E D AR EXRBZENTE, ZHhIZKDE
BHEED TOFBIH T L — 2RES AL L 5 5 72,

4.4, FBERNRE LD 7= DI FEE

WHER AN E XG5 7200FEE LT, KIEED LK
MEZEA DAL $THMENRH 5 Z L A7z, I
IR & ISR A b B . VAR AR
M & X TRMOBER, EHIZX 20 FADBIESIZ,,
BIEMTH S, fERDTLZ TV —LIF ARy MEETE
DEFIEHEE & LTWB 5, MIG IEHSBE LN AL < fF
TELTHD, ZORRE, HEMTEERES L BET S
72, IMRIED 22 5 720Dk N —% x4 va v T
) — FEHZ 7L — AR F —NEBICH AT T3 720, %
OB & VAR ORI & 5 > T\ 5. ZTh
5O LLUT 3HH 29206 L, B EERR O
I H D f A 72

(1) 7V ZEBMD—RIUIZ & B VA5 T O Il

(2) MIG O HEHR1L

(3) it 7 73— DFEIEIC & 2 TR

4.41. 7L REB@RD—HEIC & 2B EEFTOHEIR
PRDODTVLZT L — LOMETETERL 2008, MIG
KETEADBNEEDETHAL TVWAHNTH 5.
Fig. 13 IZHIHAMDIZIK, WM 2R d. 7ay b XV
INFEEAEITTKRIE L, Bl MIG &4, Sk 2Ky b
BHETHEALTOWS, 72, Xy 7L — Mz 2
Koy bEE, BINEMIG BHEE 2Ry PEEICTHEAL
TWb, ZO2MEOEN % —KKET 5 Z & TMIGHE
BaBIb L, 722Ky MEKEER QRS T2 & AMETL

Right/Left front member

MIG welding

Spot welding

Lower gusset

W — /G welding \

Current frame

Right/Left pivot plate

Spot welding

7. ERy ML — MEATHRAEIREIC KD, AL XY
INTERy MELS ETHKT 2 Z & T, IBRAKRE/NL
TE, YU aAOFWBIRIZT 2 Z LB TREE 7 5
2. 70 b XYINIZONTIE, UORY FEFHL—&
fLU72. UO Ry Fid sS4 TORIER EITfibh T b4
ey, FHE1THEETUZmERE L, 2 T/
HicBmE 2T, O Wik e ¢ 2 8L Th 5. 40
R 7L 2R S CPHITTRAE & 1F % 720 Il L 72, X
YRRIWICHTTAH D, NV FABZ a5 IR
Fo9TIETAXERHD. LirL, 7ay b X VOl
THEZESFTSIZTIE, Ny F254 TADEZHTH
NPAERD, ZOWHZIBNIPEF LR T LS. 2D
P AE, ar by MITESZET, IBh#Eh %R
O, MEAJICIA SN bMEEE Lz, ZhiZ&D Fig. 13
DOHBHRITR L 72 2 8IS B TIE— R LA TTRE L 5 0
MIG % BIETE, 2Ky FMEET R A 15 TS
BT ENTE.

4.42. MIG B#EDEH1t

ZHEy MERTRTRER L 72 7 L — 23 EdE A I my
TWa. L2rLans, ARy MEEIE, ZOREL, 2
FRAC KD, PROHIPICEA 2P IEZ 2N TE R0,
ZD1=DIZBHOHEFRT 2, PN ERIZEE T %580, 73—
R84 TERMEET B0, MIVERECR D 72128 U TR &
L 72 WOEBRZ A - THERIIZ MIG A2/ U (Fig. 14),

Fig. 14 Points for application of MIG welding

Lower gusset

/ Front member
C '/ Spot welding
/Pivot plate
Bending

Developed frame

Fig. 13  Structural comparison of integrated parts



SRDBIRCLIZBETHOENREEICE L /B ZHER L X7 L — LDOHE

RN IRERENEA B0, BHRIESEM LT 0%
B, ApgshEcm b w7z £72, v a2#¥#4E 7L —
HMIZLT, 2Ky MEETOMEEIIREE LTS

4.4.3. BiIRZ /N — DEEIEIC & 5 TFRHIR

A S AVE NS ATTTOEARY N A AV & ST
WENTWB728, TV VIRENCKD 2O KD &
ISR A Z L, SMRIE D B RET S, /RO T L 2
T =24k, 7V —LKT—-DONIIZBHIR T 7Y — & filAGA
L ETHRBI A A, SIS0 A PRI LTS, PiiRT
IN—=FBEIET B 720020, Wi 2R R0 S0, M &
D, WRBZMZ Z0ENDH 5. 72T, WEHHEEKD
FIFEDOHIIE L S5 OIZRAINEE 5 Z &C, FHiG
DO K - 72, KFHFETIE, 7V — 4K 7 — K % i
B EIRGEICAE L, X512y — b L — b & A EIRE
ETBRZLIZEST, ERDTLZT L =LKL 15% %
M A HIR T & 72, &7z, BEBIZMINWEIR & hEE2 DT 5
Zeizky, KEAFmEBEMES U, BRI S 72,
Fig. 15 IZfERD T L 2 7 L — 2 OFillikis &, KRR D 7
L — ADKRHIZOT =M ERE RS, £72, #E$5 L
TFIEABETH D, MMERO DT S e et
LT, WEBIZ 7L — b & AR, BENICIRET 2HE S
LEEE$5 2 & ClilkE & M £ 7-. Fig. 16 12 % DG %

Current frame

Developed frame

‘ Rib shape

Fig. 15 Rib structure for suppressing surface vibration

Rib shape

Reinforcing plate

Spot welding

Front member

Fig. 16 Internal structure for suppressing surface vibration

NG NS DOFHEEWD AL Z & T, ks % #dE T
ABILNTE, TORRE, Pilk7 /13-4 NTHEILET
LW TE].

5. CAE (C & 2 B {AMREDAREL

Fig. 17 ICARIRD 7 L — AR F =Bk ERT. ZOFIR
12K L, CAEIZ & b BAMEREDRRGE % F2hE L 72, WlME % &
OHRIEIRITIZ DWW TIZ Y ) v FEF L& L, IRBIfEN
WKL T =7 2 2T LML 7=

5.1. Bt D&EEE

Fig. 181224 v 7 — 4Ky b &EEL, 70V b
7 o ZAKES I 8 & AT U 2z RO IS & ko 7 L
ATV =L L DERT. 22 TRIERTL — 4
OMIPEEZ 1 & U7z & & O R CBMIE, 4 Uit n
. %72, Fig. 1912132 D & 2 OEHK 2§, WIPEED
W ARTHED, fEROTL ZTL - L LIRFMETH 5
Z L DR T X 2=,

5.2. i@ DIRALE
Fig. 20 12 B ETR 2 BE L KM EEZ ) Vo v

Fig. 17 Shape of developed frame

= Current frame u Developed frame

120%

100% -

80% 1

60% 1

40% A

20% -

0% -
Torsional stiffness

Lateral stiffness

Fig. 18 Comparison of stiffness values



Honda R&D Technical Review

Vol.25 No.2 (October 2013)

Vg VAT EBIZ A 1A LA 0 SR AR, Z
ZH 6 RTHIS K DI, SO RERN 26 )44 i3 e
<, BTN T vV Z XL FFEESHEETNS Z & DR
TE7-.

5.3. IREHIC & 3 4MRIE V) DIREE

Fig. 21 i3, WAk Z < & OBSTRFEA AR EH
L, U 7HlinEA fETORME L ~L % iR U 72 SRR
ERNZFAR L =650 ) 7HD 7L —4Th 0, AT
D7zHD ) THiM S L TOMNERTH 5. KPR
SHIIRIEO KR ZE W28 T, ) THiEZ LD T L — 4%
SR DSER AT EIIC K & S EIREI L TW B DIZR L, KBHFED
T L — LA mEE AR X, mARENIC K B ARG O & 47
HTETWBZERNDNSB.

Deformation scale 100:1

Front view

6. WRDOFER

6.1. E2{LDRR

Fig. 22 2RO RE 7oy 7L =24y ¥ T
U — AEBIZ 53 THIHIBIROR 3. feko 7L 27 L — 41F
HiIt2 2y BIRHE TIE 20, SRR LTV A7 -4
ERIC# Z )7 TRt & 28 UMl & 9206 L 724559, 7o v
FTL—23T2 kg, VY7L —4T2 kgL T
72 RV Y 7L — A DHKER (-33%) 2 5, HHLDORR
NRELHTOBZZ b5, JEED 14 kgD T L AT
V=2, 4 kg DIRFEMIZED 10 kg & x b, HiE4 53
30% DEEEAL A ER L 7.

Side view

Fig. 19 CAE deformation diagram showing stiffness

Rider and passenger weight

v ¥

Road surface reaction force

Fig. 20 CAE stress distribution assuming running on rough road

(Frequency: 1145 Hz)

Developed frame

Fig. 21

(Frequency: 1189 Hz) I High

Developed frame without ribs

Confirmation of vibration reduction by eigenvalue analysis of mode shape



SRDBIRCLIZBETHOENREEICE L /B ZHER L X7 L — LDOHE

6.2. TIEREEHIRDIIR DRERFEL DI AR L, Fig. 25 12 LRI M OHEKF
ABICTORLEFEEHVWZTI V- KT 1265 B DA RS, ARFED T L — L MIG E#ER%Z

#73V70—b®%n$@&x4/3/7U~b@% 200 mm HRKL, ARy MEBEANOBEESHBL L EICXDE

& TFIE% Fig. 23 128 ¥, £ 7=, Fig. 24 IZWE#E X L A PR 2 P2 28 TE 2. ZHIZKDE

PRI & U C3REREISTH 5 28, TR 26k o

Current frame FULATL—LE1ELEZDOHET30%HIIRT 22
ENTE S

Front frame .
/i8kg
Rear frame 1.2
16 kg

Developed frame

Front frame
/ 16 kg

m Welding ® Incidental work

¥

o
o

I
~

Cycle time (sec)
o
[o)]

Rear frame
14 kg 02
0
-2 kg (-25%) -2 kg (-33%) Current Developed
frame frame
Fig. 22 Weight reduction effect and structural
comparison Fig. 25 Reduction of process time

Sub-assembling process

N "’n >

Front assembllng part Rear assembllng part

Mai- assembllng processnj

Fig. 23 Flow of welding process for manufacture of developed frame

5,000 300
= 2
E = £ 4+
£ 4000 ¥ € 250 —
c’ \
(= (o]
S £
° o
2 3,000 2 200
2 —
= g
n
2,000 150
Current Developed Current Developed
frame frame frame frame

Fig. 24 Length of MIG welds and number of spot welds



Honda R&D Technical Review

Vol.25 No.2 (October 2013)

7.%&ED

A PEE RO 2NV T 2 U 2R TR PRI RO B

WTL 2T L —2%FL, MTOHEAZEHL 7.

(1) FERR SR AR A fefi s, e B DB 1 e < U 4 R
L7z, £/ = b =L EFICAET 7V D%kt
hEGAEAOHMGE L, X5i1IcFhbadrsuxS
L= TORHEeT5 2 ClIEAREHREL 2. Z
NIZEoT, EREFMETLVAREIL—LTHD
BN, FEAPIIHRE 1S5 mm 25 1.2 mm, ¥— b
L — LEBALIZHRE 1.5 mm 2* 5 1.0 mm (2 #EHL T3
TENTE, 4 kg DREREILATHL 7.

(2) BEMEKETZ v F v 7 ey PL AT+ — LK
EEHTAZ LIk, MR AL EE, 7
L AT L — LI BRIt HINGE 2 FBIL 7.

(3) EBED IR & MIG EHEOHERIZ L D MIG &
BowfEE 2Ky MEBRANOBE EIRA & TREIC L 72,

(4) 7v — L DHiE D EREL LY — L =L DS
SrHIEE OB & 2R D 15% B L, VY 71
K pmimvEmsRIc &0, Uik N — & T RTHIET S
ZEWTES.

PEXD, koL 270 =215 L, 30% Ot

b, 30% D TRERFRTHIE A ER L 72,

ZE Xk
(1) AR, DAL, B, L FI6L, RS

f L 7 L — 28505 o B L % G R Al o R S
Honda R&D Technical Review, Vol.18, No.2, p.163-168

m=E =0




AT

BE Y FAR Yy MBERMNORRE

Development of Short Pitch Resistance Spot Welding Technology

KA R NS e N S
Hisayasu OOKA Atsushi SUZUKI Mitsushige GOTO
PNEEZ S B N Ml H % k"
Keita OTSUKA Yasumasa OKADA

= = ABSTRACT

AR o PEREEOBFE TR Z %5121, ER1E
W AHRAERILTAIMDENDH S, ZTTIWILAK Y
FAEY I 2L =Y 3 VEHWT, BROKEEZ THIT S
Fefli & R L 7. FEEROAER, BRI T 2 R RE
L7z & 2 OWEMEBEE, PHMEBERS &KL T3 Z
MR L 7o, O TERMIZ Ry VEEEBZ RS IS
W&, FASERIC L B RE T I U TR AT 3L F — & 8
MEEBZLICkD, FMEES R TE 222 ZDF
BEMWSEZETHRAEL 2. X612, FEISEMN TS LT
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In order to reduce the pitch used in resistance spot
welding, it is necessary to quantify the phenomenon
of shunting, or short-circuiting of current flow. A
technology for predicting the state of current flow
using a three-dimensional spot welding simulation was
therefore developed. Test results showed that predicted
spot weld diameter values when current shunting
occurred, corresponded well with measured values.
Using this method, it was shown that it was possible
to realize sufficiently sized spot welds in short-pitch
resistance spot welding by increasing input energy to
compensate for heat loss caused by the short-circuiting
of the welding current. In addition, an application
study of short pitch spot welding showed that a
reduced weld pitch of 15 mm in high stress regions
reduced peak stress in the weld, making the use of
thinner steel sheets possible.
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Table 1 Spot welding conditions
Sheet
combination A B
Material JSC270D JSC590R
Thickness 1.4 mm 1.0 mm
Electrode force 3.5kN 3.5 kN
Welding current 7.8 kA 6.2 kA
Welding time 17 cycles 12 cycles
Existing weld
diameter 5.2mm 4.5 mm
Welding pitch Single weld, 15 mm
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Fig. 3 Results by analysis and experiment of spot
welding (cross-sectional images)
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Table 2 Spot welding conditions

con?t:ﬁzttion J8C270D
Thickness 1.4 mm
Electrode force 3.5kN
Welding current 7.6 kKA
Welding time 14 cycles
Table 3  Spot welding conditions
ot | SC270F | JSCE90R | JSCE90R
Thickness 0.7 mm 1.4 mm 1.4 mm
Sheet size 30 mm x 100 mm
Electrode force 3.5kN
Welding time 18 cycles
Welding pitch Single weld, 15 mm
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Fig. 8 Current waveform
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Stress is concentrated in this area

Fig. 14 Result of stress analysis by torsion test
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Application of Model-based Development to MICU

Tmon B 2 N O e sE
Noboru UJIIGAWA Shuhei KINOSHITA Masayuki YAMAZAKI
= = ABSTRACT

HARBREMOY 7 b Y = THRIFICEHWNT, BEHER
B EEAHNE L TETFT AR - ZHROEA Z 3D T
Wb, ZOEAILH /25T, ETAR=ARFRICLS T
Y2, BLUOHEY —ABBETH -7, £ 2T, FL
WMOERAW S, ZDOERFBEDERICELET LR —
AT O 2 R L 2. £z, BB EDENICED 5
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Multiplex Integrated Control Unit ®FAFIZERIT L 7285
PERDEFE 7 T & Z 1T THERL U 7= Hilf AR IS 3 U T, (A
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35% Mk 32 Z LN TE .

The introduction of model-based development is
being promoted to increase specification quality in
the development of software for body electrical parts.
This introduction requires model-based development
processes and development tools. Therefore, a model-
based development process was constructed that covers
from analysis of requirements in the early stages of
development to definition of the methods for achieving
those requirements. In addition, the tools needed to
efficiently promote development were developed. The
constructed process was applied to trial development
of a Multiplex Integrated Control Unit, and resulted
in a 35% reduction in incompleteness (undefined,
conflicting or ambiguous specifications) compared
to control specifications created using the previous
development process.
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Fig. 3 Workflow of development
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Use case diagram

<<Block>>
System A System A
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Summary:
Use case A Equipment:
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Definition Body type:
Actor A Regulation:
Patent:
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Requirement diagram
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Fig. 5 Relationship of each diagram in system definition process

Scenario =
ID UC020-1-1 ]
Summary |- n
Actor Driver H]
Order Contents H ]|
Precondition |Ignition is OFF H]
1 Driver turns on ignition H]
2 System outputs relay H]
3 End of Scenario H]
Postcondition |Relay is ON ]
1 | 1

1 |

Fig. 6 Example of use case scenario
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-§ ID = B020
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@ Regulation:
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S Input block Control block Output block
] c
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o
E | | |V
o
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A Summary: Summary: Summary: Summary: Summary:

Fig. 7 Example of block definition diagram in
requirement definition process
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Fig. 8 Example of definition of input and output
information to structure block
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Fig. 9 Example of requirement diagram in
requirement definition process
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Block definition diagram

<<Block>>
Structure block A
ID = B001-1
Info_AE
2] Info_C
Summary:
Info_BE
4 4
<<Block>> <<Block>>
Structure block B Structure block C
ID =B001-1_1 ID =B001-1_2
Info_D EH
Info_G 2% 2] Info_H
Summary: Summary:
info_EE Blinto F
List of input and output information E
Structure Structure Signal nout | value Initial Description
ID name name value

B001-1 Structure block A Info_A In
B001-1 Structure block A Info_B In
B001-1 Structure block A Info_C Out
B001-1_1 | Structure block B Info_D In
B001-1_1 | Structure block B Info_E In
B001-1_1 | Structure block B Info_F Out
B001-1_2 | Structure block C Info_G In
B001-1_2 | Structure block C Info_H Out

Fig. 14  Synchronous tool of input and output
information
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Design Appearance Evaluation Tool for Non-prototype Development
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Daisuke IDE Ryosuke SAITO Hajime KUBO
= =] ABSTRACT
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kwohsavva—2257 492 AW %5EIE
BETEGBTEKT 572910, RAZI V2 -4
T4 w2 AT b2 x7T Total Objective and Physical
Simulation Zf¥ L7z, 2OV 7 b = 7 TiX, BER
EMDI8T7 2 — 2 DFFFEL D, E» 5H|EL 72
F—ADHEEHRIZLE L MAT, BIETFHEELT
VT AN ORI SE AR L, WA TR T S
Z &, Graphic Processing Unit dEAEFIZFH L L 72 >
AT LERELEZ. Zhicky, s — 21280k
PRI IE Ui 2, JERISE VST 3 — v v A TH
B 7.

The aim with this paper is to achieve a tool for
non-prototype automotive development that is faster,
simpler, and enables judgment equivalent to that
with a physical model. Evaluation by the computer
graphics to convey the appeal of shapes by means of
artistic effects is commonly used. In non-prototype
development, computer graphic output effects allowing
the same judgment as with a physical model are
required, and this approach has to yield output for
evaluation with highly accurate results and by a
realistic amount of calculation time without depending
on the skills of individuals.

The computer graphic software named Total
Objective and Physical Simulation was developed
in order to achieve the required computer graphic
output with a reasonable amount of calculation
time. It was decided that the software would not
use manual adjustment of environment and material
parameters, but instead handle only data measured
from actual objects. In addition, Monte Carlo path
tracing specialized for parallel Graphic Processing
Units was adopted for the calculation technique.
This tool achieved physically correct rendering
based on measurement data with a high level of
performance.
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(a) Artistic

(b) Real

Fig. 1 Artistic and Real
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Fig. 2 Issues reported as “Physical model required”
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Fig. 3 Points of attention for physical model check
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Report of Field Test Results Using Electric Vehicle and Plug-in Hybrid Vehicle Prototypes
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With the aim of realizing the joy and freedom of
mobility and a sustainable society where people can
enjoy life, Honda intends to produce electricity from
the sunlight and other forms of renewable energy,
manufacture next-generation mobilities that use this
electricity as energy, and provide these mobilities to
users. As the first stage of these efforts, courses were
set domestically in Kumamoto and Saitama Prefectures
and overseas in Guangzhou City in the People’s
Republic of China, and driving tests were performed.
As a result of these tests, data of the actual electric
vehicle driving range and actual plug-in hybrid vehicle
all-electric range was obtained, and CO, emissions
and annual fuel cost reduction effects were confirmed.
In addition, based on the results of these driving
tests, the next stage of joint field tests with local
governments was determined to be is feasible.
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Table 1 EV specifications

Japanese model

Chinese model

Motor type

Coaxial motor with gear box (same as FCX
Clarity)

Same as Japanese model

Motor max. output

92 kW

Same as Japanese model

Motor max. torque

256 Nm (26.1 kgfm)

Same as Japanese model

Driving range

Over 160 km *1

Over 150 km *3

Max. vehicle speed

144 km/h

Same as Japanese model

Battery type (manufacturer)

Lithium-ion battery (TOSHIBA)

Same as Japanese model

Charging time

100 V: less than 12 hours,
200 V: less than 6 hours,
Quick charge *2: approximately 20 min

220 V: less than 6 hours

*1 Honda test result in JCO8 mode

*2 CHAdeMO specification

Table 2 PHEV specifications

*3 Honda test result in NEDC mode

Engine

Atkinson cycle 4-cylinder 2.0 L with i-VTEC

Transmission Electric CVT

Motor

Two-motor system (drive and regeneration / generation)

Motor max. output 120 kW

Battery type (manufacturer)

6 kWh lithium-ion battery (Blue Energy)

Max. driving range

Over 1,000 km *1

All electric range 25 km *2

Max. vehicle speed as EV 100 km/h

Charging time

100 V: less than 4 hours, 200 V: less than 1.5 hours

21287, EVIREEHEOFITDOARF -2 X—2IZL(HE
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*1. 2 Honda test result in JCO8 mode

TBEO—HTh 2 W ZiliN, KETHEOXRy F &y

& LU COFFHGERR, EROITHEIAAA S ik LTo

EdE g & T E ) 7 OREKELE AL, T &S AT

I—Z2%PEL 7=,

(1) KEBHIPE (=) ISEET 5 A4 5, itz &
TTAHEZI—-—Z2D23— 2

(2)hoxy Fay vIcEEL, KETEANESE) T 5
N4 BNRARETETTE—-2T7 VY FF74 F2—
20O1a—2A

(3) KESTHBENCRET 2 A4 A, RIS @ EER % FIFH L
TITHATLER L — 2D 23— 2

ZNEFNO T — Z2OETHEEE A RHA Table 31

N

312 BERETY T

AEARIL I, BT HERC & 0 FEREFER Y T L O k%

#iTd - REAT, MIERILZIZ D L LABDEIO £ 0

gk, B TH VRS N2 ) 7 Ot CA LB AT X

NTWBRENEZHADOHFORELEZ, LTDOLS &

ET -2 EYE L 7.

(1) M LR IR (REATH) ISR {ET 2 A4 23, TN
AOEHHE TET S 5881 —- 2023 -2

(2) BULE 2 E 22l S hgkdi 2 b e L2z ) 7N

— 101 —



Honda R&D Technical Review Vol.25 No.2 (October 2013)

Table 3 Driving routes and distance in Saitama Pref.
(1) Commuting driving routes in Saitama City area

Route Name Driving Route Distance Via Points

Saitama urban route 1 Saitama ward offices, North-South area 54 km Chuou, Kita and Minami ward offices

Saitama urban route 2 Saitama ward offices, East-West area 57 km | Sakura, lwatsuki and Midori ward offices

(2) Park-and-ride driving routes in Kagohara Station area

Route Name Driving Route Distance Via Points

Kagohara route Park-and-ride 30 km | Yoriichou, Kagohara Station

(3) Weekend highway driving routes

Route Name Driving Route Distance Via Points
Highway route 1 Tokyo Gaikan Expressway 64 km | Wako IC, Souka IC, Koshigaya Lake Town
Highway route 2 Metropolitan Expressway 76 km | Wako IC, ltabashi JCT, Gaien IC

Table 4 Driving routes and distance in Kumamoto Pref.
(1) Commute driving routes in Kumamoto City area

Route Name Driving Route Distance Via Points
Urban route Inside Kumamoto City 52 km Pref. office, castle, station
Suburban route In and around Kumamoto City 61 km Kumamoto University, Mt. Kinpou

(2) Sightseeing driving routes in Aso City area

Route Name Driving Route Distance Via Points
Mountain route 1 Mt. Aso winding road (870 m elevation, 3.9% 65 km Road station Aso, Aso farm land
gradient)
Mountain route 2 Mt. Aso winding road (1057 m elevation, 4.8% 70 km Top of Mt. Aso
gradient)
Mountain route 3 Mt. Aso winding road (1057 m elevation, 4.6% 80 km Top of Mt. Aso
gradient)

(3) Daily driving routes in Amakusa island area

Route Name Driving Route Distance Via Points
Amakusa urban route | Inside Amakusa City 16 km Amakusa City office
Suburban route 1 North area to Amakusa City area 66 km Itsuwacho branch, City office
Suburban route 2 Mid area to Amakusa City area 80 km Amakusacho branch, City office
Suburban route 3 South area to Amakusa City area 96 km Ushibukacho branch, City office
Suburban route 4 Southeast offshore area to Amakusa City area 101 km Shinwachou branch, City office
Suburban route 5 Kamishima island south area to Amakusa City area 44 km Kumumotocho branch, City office
Suburban route 6 Honda base suburban area residence 75 km Ariakecho branch, City office
EETT AL -20D33—2 DOEFTEREAEHE 35,000 km, PHEV 4 & (kI 215, HE
(3) Bt TEEH 2 BN THEEWICAH T 2 BN AL 2 7)) OFETHEREAEHE 71,000 km IZEE L 7.
2—ZDT7A—2R EV O—BOifedE & 7= b Ok, JC08 £— KT
ZTNEThoa—20E e Eaftliitz Table 4 12 DOFEN T 2 FAER 160 km 12X LT, 4T 132 km & 8
RNY. A BRER AR L, PHEV OEEEFTFEEE (All electric
range: AER) 1%, JC08 & — FTO AT X t#5H 25 km 12
32 EfTRRBLUEE HUTEETL75 km &R 7 HOWTH -7z, EV Ofjifi

ETERE Fig. 3 KU Fig. 412779, 2011 5 A, FHEEIZBI L CiE, JCO08 & — FETIZH L TEEDI X
52012E5 HETOEV 2/ (BEE1A, BBARLAH) DZALR IR D ZAC DB 5 & 2 FE T 5 & RAFA#S
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Table 5 Driving routes and distance in Guangzhou area

(1) Traffic jams routes in Guangzhou City

Route Name Driving Route Distance Via Points
Traffic jam route 1 Inside Guangzhou City area 20 km Pearl River
Traffic jam route 2 Inside Guangzhou Cityarea 14 km Garden hotel
Traffic jam route 3 Inside Guangzhou City area 31 km LiuHuaHu Gong Yuan, Pearl
River
Traffic jam route 4 Inside Guangzhou City area 32 km LiuHuaHu Gong Yuan,
Garden hotel
(2) Commuting to work place
Route Name Driving Route Distance Via Points
Commuting route Guangzhou City to work place 58 km Guangzhou Honda factory
(3) Guangzhou Baiyun Airport via highway
Route Name Driving Route Distance Via Points
Airport route 1 Guangzhou City to Baiyun Airport via highway 76 km Garden hotel, Baiyun Airport
Airport route 2 Guangzhou City to Guangzhou Honda factory 130 km Garden hotel, Baiyun Airport,
via Baiyun Airport on highway Guangzhou Honda factory
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Fig. 18 Fuel cost reduction by EV in China
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Research on Combustion Improvement Techniques by Intake Valve Offset and Squish Effect

Mo B R

Takamori SHIRASUNA

w5 O L S, S
Hideki SAITO Tomokazu NOMURA

C |

PERE 110 e’ 4 2 b -2 HARI 2RIV Vv T VY
VAR U TRAA 72 O Ofiif il 2 TikIZ & 2 BRIREGE RGNS
DNTHET 5.

FH—DRATIE, & v 7uifiic &b BREEdGE % X -
7z. BV TNELDOFREE LT, WAL T O— 5% v
VY ZRTEER K O & AMINZIE A U CEIE § B A VL
TATXy VEERELE ZhICKD, YU v LR T EER
MO A~ A F v 7 LR g v TV EER L. 2V
TABRIIZ L D BRI T 2 R A VN OFHREE S B & &
0, Indicated Specific Fuel Consumption {$X— Z 12k L
4.8% KWk L 7=, 72, TR/ 7 & SMANCEGE L= 2 &1
X0, YL T E DR IR L 72, ZHUc kD, AN
N TEOPERAVREIZ 22D, i@ IO T % P & 72,

BORATIE, WiAF v ¥ amomibic kb, R
WEEK 72, W2 F 9 Va2 mOBbLFEE LT, #
FAFZF v a B KL ZhiZkD 7 v F v 7 &
HIL, Bl A 9.0 2026 9512 LB Z LnnfEs kD,
Indicated Specific Fuel Consumption {Z 2.6% K& L 72. &
SIZHENSLT A Ty FEROPATAF ¥ 212k D
i EAE AL & LA S D 723858 D Indicated Specific Fuel
Consumption 13X — Z1Z%f L 6.0% K3k L 7=.

ABSTRACT

Reported in this paper are the technologies for
improvement of combustion efficiency by applying
two simple methods to a single cylinder, 110 cm’
displacement, four-stroke, two-valve gasoline engine.

In the first attempt, we tried to improve combustion
efficiency by increasing tumble of the air-fuel mixture
flow. To increase tumble, we devised an offset intake
valve design in which a part of the intake valve was
located outside of the cylinder bore. With this offset intake
valve configuration, a part of the inlet port perimeter was
blocked causing disturbance of air-fuel mixture flow along
the cylinder wall that resulted in a strong turbulence. The
increased turbulence permitted lean burn at an air-fuel
ratio leaner by two points, reducing Indicated Specific
Fuel Consumption by 4.8% from that of the base engine.
With the intake valve shifted outwards against the cylinder
bore, the spacing next to the exhaust valve increased,
allowing the intake valve diameter to be enlarged to
compensate for the deterioration of the maximum power.

In the second attempt, we tried to improve
combustion efficiency by increasing the reversed
squish flow of the air-fuel mixture. As the means to
increase reversed squish flow, we employed a slant-
parallel squish configuration. With the application of
this squish arrangement, the margin against knocking
generation was enhanced and the compression ratio
was increased to 9.5 from the original 9.0 while
reducing the Indicated Specific Fuel Consumption by
2.6%. The offset intake valve design coupled with the
high compression ratio produced by the slant-parallel
squish design lowered the Indicated Specific Fuel
Consumption by 6.0% compared to the base engine.

1. 13U®IC

VLA, HUERIEBEAL SR & LT CO, PR RIRIRA R < SR
SNTHD, T T 4 OB CIIIRE N EEH EE LTS
R L > T3, BUE, 2RO im#OIRGEAERON
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UEEN AR XN TS, iRy vy Y
#* “#i R&D £V & —
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VAU 22 TS K B IRBSCGEHi Ak 5 hTE D,
FEBRIEREIR DI AR 7w & v PN X 5 @ EsE i
ZOEMNETFEDO-DOThH 5.

T RIBEREIR & K B 1l & LT, mkR ALY
% %0k Y R R AR ) R A S B R
ot ERGITH I LRGN TS, Bz, [N
TR LI LT, 4 v TR R PR 2T — LR
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2. EIT Y UL EHBRENS

21. T UL DEEHRT

FER TR/ N SEF T Y 2V A /-, Table 1
R v O VO FEEHILAERY. v Y v RIS
42 a—sHEAFH2RAVY VI VYT, ERER
109.2 ecm® TH 5. HHBEHIHRL X2 -5 —HV ) v

Table 1  Specifications of experimental engine
. Air cooled, four stroke,
Engine type . ; . .
single cylinder, gasoline engine
Bore x Stroke [mm] 50.0 x 55.6
Displacement [cm?] 109.2
Compression ratio 9.0

Intake: 25.5 x 1
Exhaust: 21.0 x 1
Intake: 5.8
Exhaust: 5.6

Electronically controlled capacitor
discharge ignition

Valve diameter
[mm x number]

Valve lift [mm]

Ignition system

Fuel system Carburetor

Fuel type Regular gasoline
Research octane number (RON) | 90

Maximum brake

power output 6.27 kW at 8000 r/min

Maximum brake

8.72 Nm at 6000 r/min
torque

(RON90) T, v 7L aickfiftEhs. 72720, 22t
(A/F) #ZHT 5EBRTIE, Fv 7LD 70—FF v v
IWN—FBOENEFEL, A/F#HE Lz v—2 )Ty a—
Lxo 7 7EICEEL, 1k 720 360 7SV 2D T F
VO TV INMMERER RNETOREIITEER TR
FENZE s (F 2 5 —8L6041A) W=, TV o 5
VAI gV a VIV AT LAENLEAFEA - LR
—EDIL YD A, AMICHIEhs. © 0P U HTk
DFEERFZPN TV AI v a VLIV A—ETB I kbhi.

2.2. RBROE&HEM

PRS2 & 2 RR & W 2 g fF & LT, ik
BERRTY, PRIEMEAT, AT RN O RFAf 2 8 2 CUATE R 5 0,
Whe s vdy s oz &ERAF T I 572 &
MR 2 PRCISR .
oA ERE =Y Y VI 3750 r/min,
BMEP400 kPa, MBT
AFEERGE = 2 ¥ v [AlRE 3000—8500 r/min, AW vy
MIVRRIE 4R, A/F12.4

23. I UL DFFRERER

Fig. 112, S0 BAHEIREMFICH VT A/F 2410
272354 O Indicated Specific Fuel Consumption (ISFC)
& Coefficient of Variation of Indicated Mean Effective
Pressure (COVep) 278 F. ik > ¥ v D ISFC D/l
fliZ "3 A/F 13165 CTh o7z 72, A/F 16512615
COViep 13 5% THo72. 2D ens, 6555 A/FD
ToiE b B 2 5 > 7235813 COVier DM Z L 720, 2
N LD ISFC DRI Z AT & 4. ISFC 21K
W5 7291203, FNEERIL 2 £ 12 K 2 AR BN O
WRPRBEL 8D, TOTHE LT, KFETIIY Y T
LG H U7
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Fig. 1 ISFC and COVer

3. EERABRICETZ 2L TILBEL
HAFRIDIEER
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REE U CRHE RIS & 2 WFEOA A IR 2 o7z,

31. 2>TINLYFDES

TR %, BCARTID L) v FNZEK A i a] £ 58
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Li: Ty Vg7 7204
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o WK 5 v o Mg
Cy s fRf
N, R H2 V TIL
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I & VAV
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Table 2 Conditions of steady flow test

Valve lift [mm] 1,2,8,4,5,6
Throat diameter [mm] 0.535, 1.31,2.75
Pressure of surge tank B 5

(AP2) [kPa]

Load cell rated capacity [N] 0.5

Rated torque [Nm] 5x10%

N %, BEmlpsE & iR — bl tRE b,

_0xB 8M
re v, _rhVOB (3)

ZZT,
Vo : BRIAR — - N
M :GH N Lo
m: 225 DB i

TR DM, F2H 0 5 & Fitak bk & 78 7 ek B 4 Bt L
7-CFD T Z - 7.

Fig. 212, @AW 72 £ E %2 /8. Table 2
2, ﬁﬁ(ﬁﬁﬁ%ﬁeo)%ﬁ‘%ﬂ?’ﬂ‘.

AW TIE%iR T2 20 PLIS— v LEHED TR O
A S 35 Z e o 7z, 28— 2w LB TR SRS A 9
578, TR AT 3. 2078, TR DEHHRE % &8
BZRERHD, INUDA VIS AR Y TIL A — 4 EHYEL
THEBRAB I k57

72, TR OFPNE 58 2 s g 2mfllE 4k 2
ol Kl GUTHROhZhZho TR DA HAE%
TR & U TR L 7=.

(6) 3) ()

Air

HIE

.
Ue U 4)

AP2 AP

* Figure shows measurement
for one arm of T-type tumble
adaptor but actual measurement
is carried out for both arms.

(1) Air pump (7) Carburetor

(2) Surge tank A (8) Inlet pipe

(3) Throat (9) Cylinder head

(4) Digital manometer (AP1)  (10) T-type tumble adaptor
(5) Surge tank B (11) Honeycomb matrix
(6) Digital manometer (AP2)  (12) Load transducer

Fig. 2 Flow test rig
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Table 3 CFD conditions for steady flow test

Software name SCRYU/Tetra
Solution type Steady state flow
Valve lift [mm] 1,2,3,4,5,6
Pressure difference of Inlet 5

and outlet [kPa]

Cell type Tetrahedron

FFT? ;HST;‘;:;']' type Prism 0.3 x 2
Number of cells 4,500,000
Differencing scheme MUSCL scheme
Pressure velocity coupling SIMPLEC
Turbulent model Standard k-¢

Fig. 312, TR MFIELIZHW 72 CFD i D F )L & 73
Table 312, CFD Dt HE &M% 8T,

3.2. HAFRIDIRE

Ty VOIS HETHRTIE, 194 2
BRBERANA B ZZRDETH D, BRIFEENA DL DEE T
i 2 7-0DE/ME LT, EHERABRICK T 2B FROH
ShF IR (Z,) AN TH 5. Z 3 FROEHFRRER T
X (4), CFD Tidk (5) TE#ah s ", %72, Fig. 412
Z: DX %2R T

Calculation section of tumble flow

et
Carburetor

Outlet (Throttle)

N S

Cylinder head

T-type tumble adaptor

Qutlet

Fig. 3 CFD model for tumble ratio calculation

ol Crank angle a2

Fig. 4 Definition of Z;

Afff7E Tk, HTHOHEEE LT Z 2 w5,

2=/ 7da = pAR0) da (4)
ZZT,

70 VR OAT A B

Z: WA OAT R T

B A= | ORRE

A AT — F O

AP1: 2 v — | DFEE

AP2: % —2 227 BODFELE

a

Z = :idea = faIZCfAvda (5)

ZT,
A, WSO B TR

-
—

4. 22T IVigME L RBEER DR

INET, 4V TLEKELERBEEROMGREFHAL
FHMEEFNI D 0. DD, &V T IV L IRETGE
KOMBREETS 2L 2ANE LT, 2 Y TLHRE L%
(BB LNAHELRT T v T EMKGR— FAIZEE L,
CFD L Ik 2t 2 2 ko7 £72, 2V TN
B L DIRBRE A B IR > 2B ICBE L R 538D
HIRA BT 57,

41. 8> TIVERT Ty TIC& B4 TILiEk

By TNERILT 57012, MEORLSE 759 FEK
RAE— PICEZMLTHREL, 779 9 Z & TRIZH
A D%, BRI & B L 72 CFD @t & 0 384
L7z, Fig. 512, 77 v 7OHFFX & 2 DK E RS,
SR — PAICEEHTHRIE, A, B, C, DOJEIZE 3 &
BRI 5.

Fig. 612, CFD#ffiZ %1t % Z: & TR DRI AR %R
77y TOMmBAEKRELTHI2EE A0, TRIZKT S
Az d 5. Zh&D, 759 TIERMIZL T EE
JRLTWBZ Ehbhrb.

75y TOHEMIZED ST, 20y FILBHE VN X WiE
WMTIEFE—2ay MLBEEIZRT S Z OWDIER ik
W, L2 L, 28y PLBERKEL BBIZONTH—Z
Ty MLBHEIZRT B Z3 T T TOmEMIC L TR
SFAEAIZH B, T, Aay FLBEA/NX WA
&, 20y PNV T DEAE O/ & e B 720,
77y THEEUTT T RKIPIC B L 52 k5728 D
EEZLND. ZhICHL, 20y PALBEERKEVES
&, 77 v T O AR ORI L 50, T
AT 2720, Z M RA Lz DEELLhD
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Fig. 7.1, "EWIABIC I % Z: & TR OFENFHR % TR R & A CHm 2 /R L T ZEhbnrd
aﬁ‘ﬁgs , SRR — PN E VY v X NOFE AR O Z: & TROWMKIK AL Z K 512H 720, CFD f#fric
(TD%ﬁ%%%m?.xmvh»%ﬁils@gn»7u KDFHMEIZ Y TH B Z L EMRATE 2. 2070, Dtk
7 M3 4.5 mm TERAE BT -7 FHEHRIE, 20y b 3 Z; & TRIZOWTIE CFD it o3RRS RIC K 0 a7l &
LEBO AL & TEHAREIZI TR, Fig. 812787 CFD BIhkS.

Base
Name (Without flap) Flap A Flap B Flap C Flap D
) Flap
S shape

/ g (Sectlon
~ : l Flap area
~ % /; ratio [%]

Fig. 5 Installed flaps and shapes
3.5 3.5
——FlapD —o— Flap D
| | Throttle Flap C 30 Throttle —o— Flap B
3.0 opening WOI\(8O deg) Flap B opening WOT (80 deg) Base
25| 15deg S —o— Flap A '
' N —e— Base 15 deg
= 10 deg 4
E 2.0 '
15 f
TR
1.0
05 —— : -
0 1 2 3 4 5 6 7 8 7 8
Z; [cm?rad] Z; [cm?rad]
Fig. 6 Z and TR (CFD) Fig. 7 Zi and TR (Actual measurement)
Base
Name (Without flap) Flap A Flap B Flap C Flap D
Flap shape

Section of axis of valves

0 10
| S

Flow velocity [m/s]

Section A-A
(20 mm below from cylinder top
surface)

POT TR [-]

0.9

1.0

1.3

Fig. 8 CFD calculation (in-cylinder flow)
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42, 72 TIVEE L RBUER

ATEHD T 7 9 THRBRFEICG L D EEFBICL
DAL 72, Fig. 912, @ EMEREIHI 5 A/F &
ISFC OBIfRZE /R, Fig. 10 2 5 Fig. 13 IZBRIEMHTRE R
ZNY. 22T, R SRBEEERIG 10% £ TD Y 7 v
27 V7L EPIIABEIR (MF Bo-ow) , BABEE S HIA 10%
5 90% F T&FIRBEE (MFBiooow) & EFRT 5.

N=ZIZH L, 79 v 7#EEHFLMERET 79 TOH
FENKE L B BIZL 220, ko ISFC 2MKKT %
fHMZ R LTS, RIS RE D, X— 213 A/F OF
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L —&— Flap D
270 Flap C
260 | —e— Flap B
—o— Flap A
. 250 —e— Base
S 240 |
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(Ll'z 220
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200 | i\,&.w
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Fig. 9 Relationship between A/F and ISFC
60
50
S a0t
[®)]
(0]
kel
= 30 |
2 —o— Flap D
P 20 | Flap C
= —o— Flap B
10 —o— Flap A
—o— Base
0 1 1 1 1 1 1 1 1 1 1 1
11 12 13 14 15 16 17 18 19 20 21 22 23
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Fig. 10 Relationship between A/F and MFBo.10%
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Fig. 11 Relationship between A/F and MFBio.0e
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Fig. 12 Relationship between A/F and degree of
constant volume
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Fig. 13 Relationship between A/F and COVwer
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Fig. 19 Relationship between valve lift and N,
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Fig. 22 Relationship between Z; and TR
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Fig. 23  Flow velocity distribution analyzed by CFD
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Fig. 26  Relationship between A/F and MFBio.90%
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Fig. 31  Specifications of squish
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Fig. 42 Specifications of intake valve offset Sq-B:.o.5)
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Technique for Prediction of Automotive Transmission Lubrication Performance
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ABSTRACT

A technique was created for rapidly and accurately
predicting oil flow within a transmission.

This research employs the finite difference method
to perform analysis, and handles wall boundaries by
the method of assigning boundary information to cells
and reproducing the object shape. This enabled the
gear rotation and engagement that shape oil flows
to be handled more readily, and also reduced the
calculation cost.

This analytical technique was applied to a manual
transmission, and the results show that the calculation
of oil flows that takes approximately 26 days by the
conventional technique was shortened to approximately
four days. In terms of accuracy, it was further
confirmed that the technique also enabled prediction of
the state of lubrication in an actual transmission.
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ABSTRACT

A study was conducted of a method of realizing
airtightness for high-pressure hydrogen in an
electrolysis cell using high differential pressure
water electrolysis, a high-pressure (35 MPa)
hydrogen production technology. When conducting
high differential pressure water electrolysis in an
electrolysis cell using a proton exchange membrane,
the maintenance of airtightness against high-
pressure hydrogen via the membrane, an elastic part,
represents an issue. To resolve this issue, the effect
of the use conditions of the membrane on changes
in the thickness of the membrane was studied. The
results indicated that it was necessary to set the
holding loads in the cells so as to help ensure that
the surface pressure of the membranes maintaining
airtightness around the cathode space was greater than
the pressure of the high-pressure hydrogen, and to
select the hardness of the seal parts with consideration
of the gaps occurring due to the state of wetness or
dryness of the membrane. Evaluation of the durability
of a high differential pressure water electrolysis
stack applying the findings of this study verified that
airtightness was maintained over the long term.
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Fig. 6 Structure of piston type high-differential-pressure water electrolysis cells
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Development of Steel for High-strength Crankshaft by Precipitation Strengthening of Mn-nitride

(SR = AT N
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7 = ABSTRACT

L7 A ZOLOTFRNMNCHE S 28\ NS H AkE sy 5 v o
Y7 PRMAREL 2 EROE®ES F Y 1 T b
gL 7 X 2LDOEY 757V (Mo) #RINT 5 Z & TEbl
FEAL A X > Tz, ARRTIRERELERTHE LT
BUGRE T EE T 3 NHICED~ » 4~ (Mn) =A% H
L7z, Mn &% 09wt% DL EIZT5Z2&TT7 2514 b oafl
XD EEREALAEER L 2. £, ZORREA =X L1
HAMRECEIZ LD RKRED T = 54 FHIZEE L7z Mn
EtW (n-MnyN,) ORI TH 5 Z L A6 2L 7.
— 7, EEEL R T AL L TR E N B H A fkE
L o2 D FEIEME ISR L TiE, RE (C) BRIz &
D, 7x54 MERBEEHNEE, CAMRALEEZXSZ &
TRIG L2z lE& D, Mo WINZEBEIEY 2 Z & T2 2
K% % (XD D D HE K D /5 W ) & D iR A AR L 7z
72, LT A ZIKBNOGEROREREN 2 5 v 2 % 7 b
IZxL, 16% O5REER b A ER L 7.

A high-strength gas soft-nitrided crankshaft steel
that does not rely on the addition of rare metals has
been developed. High strength is realized in Honda’s
conventional high-strength crankshaft steel through
the addition of the rare metal molybdenum (Mo). By
contrast, a high level of strength was achieved in the
developed steel by making effective use of manganese
(Mn), a universal component of steel, in the production
process. High strength was realized by strengthening
the ferrite phase using Mn content of 0.9 wt% or
higher. It was determined that the strengthening
mechanism was precipitation strengthening by means
of Mn nitrides (n-Mn;N,) formed in the surface
layer ferrite phase as a result of gas soft nitriding.
Straightenability, a characteristic that is antagonistic
to high strength, is also demanded from crankshaft
steels following gas soft nitriding. This demand was
responded to in the developed steel by increasing
toughness through the reduction of carbon (C) content
in order to increase the area ratio of the ferrite phase.
The innovations described above have made it possible
to reduce material costs by doing away with Mo
while realizing an equivalent level of strength to the
conventional high-strength steel. Strength has also
been increased by 16% against crankshafts produced
using the conventional standard steel, which contains
no rare metals.
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ARFIFAZ B THERD Mo RN & 5 @50 ER F LD
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Fig. 1 Schematic of hardness profile after GSN
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Fig. 2 Relationship between Mn and fatigue strength
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Fig. 4 Relationship between 50 pm depth hardness
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Fig. 5 Relationship between 50 pm depth hardness
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Table 1 Chemical composition of developed and
conventional steel (wt%)
C Si Mn P S Cr Mo
Developed

high-strength steel 0.30 | 0.20 | 1.00 | 0.015| 0.05 | 0.05

Conventional

high-strength steel 0.37 | 0.20 | 0.82 [0.015| 0.07 | 0.05 | 0.16

Conventional

0.40 | 0.20 | 0.60 | 0.015| 0.05 | 0.05
standard steel

3.3. i TRE L7 Mn & (0.9wt% LI E) 2~xX— 212, &
(1) &7z & S IZAKFAFEM (Developed high-strength
steel) DFBIER 77 & P8 U 7z, 8%0E U 72 RER 0 e A4 R 4y
% Table 1 12/”7.

i T D AR 53 1396 K DIEUER (Conventional
standard steel) DK REN—Z L L, HERD EHEM
(Conventional high-strength steel) {25} L "C Mo I A& FE 1L
LT Mnmaiistd Cma KL 7z, @l C =Kk
RINERE O T A& SN b 720, KRFEMTIEC &%
0.3wt% & L 7.

380

360 rqrermrarmrnrmnmnnnnnnnnen . O Y v mvas

340
Hardness range
320
300 | =Tesensnnssnnnnnnnnnnnanns hannnnnnnnnnnnnnnnnnnnnnn i nnnnnn

280 -

50 pym depth hardness (HV)

260 -

R2 = 0.9933 Mneq range

240

Mneq

Fig. 6 Relationship between Mneg and 50 ym depth
hardness
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5.1. MFHEE
RELEOERBIHEOWiMM A Fig. 712, ERWE T
O 77 A)L%EFig. 812, Wi ~7 a7 7 4 L% Fig. 91T/ T.
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MM RIS AT L TWB ZEnbr b, Fig. 912k
Bl FE M D N ERTEE (306 K D EEHEM R & T b 2 2%, KIGHlE
FEIC KD EROEBEMEEE TR ELTW5. ¢
BbBH, fEROEHERM L RRICRIZZED S LW b
O ERIBIE, REWEN A EL 2 ZH0E Mo B
L7=Z & TR L 7= Mn 22102 & 2 B i ok 4 %
EFEILNS.

52. 7527 w7 MEK

AFRFBMEHOCTEAAKFE AV ) v v O VO
VOV T VEAEEIL, 25y v 7 b OWKRREME AR
fili L7z, Fig. 10122 5 v 27 ¥+ 7 MR & LTI YT
W & El A 0 G IEYEDORERA & DIk AR $. REEIZAER
DEFREM % 100 & LR TRT.

eI FEAL OO T 7 TR AR EARIE M E T O, ek
FEAERA I L Cid 16% DI EAEK L 72, fhias 5B IErEc
DN TIIRERE A ONIERATAEM 121355 % & DDOHEKRE
A R & DR & LR U 7z

Compound layer: 25 pm

Fig. 7 Microstructure of developed steel after GSN
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Fig. 8 Nitrogen concentration profile after GSN
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Fig. 9 Hardness profile after GSN
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Fig. 10 Crankshaft characteristic
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Lk BEREA XL EWNELIZT B8
0&;@5 1.0, 1.5, 2.0)Mn DEFALAEA/EHLIL 7=
(Fig. 11). Table 2 IZMGEIZ W72 T LA B OB 5
Y. HEMIE 1250°C T A 52 W, ¢ 50 mm DAL
He gl U, /NP IRl o GRS BEMIN T. %2 36 Z 25 5
72. GSN(RX # 2 & NH, # 2 THLE) 12 600°C T 2 hr %
L8, KiadbZho7 OB % o ¢
5%, SERIBENE, MIEHIE B2k -7

6.2. MEHEMEICRIZT Mn DFE

6.2.1. #EMICRKITT Mn DEE

Fig. 12 12&F 7L A4 D2 o W i iR 5 5 478
. Mn BHEINZ & D=5 4 L HIER (Ko B @ i) o
MRER A LT b, Mo 28884 21Z EMIVE /85— 5
A MREAEIL, 2K OEEELENT 2 Z LA E A
ENBD, BRELERDZDIZZWE LT =74 MED
Mg LA X 5 BN D 5.

Table 2 Chemical composition (wt%)

C Si Mn P S

0.3C-0.5Mn 0.30 0.01 0.48 0.002 | 0.001
0.3C-1.0Mn 0.29 0.01 0.97 0.002 | 0.001
0.3C-1.5Mn 0.30 0.01 1.43 0.002 | 0.001
0.3C-2.0Mn 0.29 0.01 1.92 0.002 | 0.001

6.22. NIBEICRIZT Mn DFE
Mn;ﬁ%%ﬁ%mgﬁﬁg7ﬁ774ﬂ%F@13K
7ﬁ‘Mng%ka IZRFEEOBRBENRRL T
DR E NIz, BROMBINEBNOILEUI T L T
Mn 3RIRINZHFS LT3 EEZ 60 5.

‘ Raw material H Hot forging H Machining ‘

¢ 50 round bar

GSN Evaluation
RX: NHg = 1:1 - Microstructure
600°C x 2 hrs - Nitrogen concentration

Water-quenched - Hardness

Fig. 11 Method of specimen preparation and property
evaluation
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Fig. 12  Microstructure after GSN
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Fig. 13 Nitrogen concentration after GSN
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6.2.3. BEICRIZT Mn DFE
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Fig. 14 50 ym depth hardness after GSN
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(a) STEM image

(b) Elemental mapping of Mn

Fig. 15 STEM-EDS micrograph

Dispersive X-ray Spectroscopy: STEM-EDS) 2 & 5 It%
<o ¥V MR TH 5. Fig. 15(a) TR =F/
& — & OEHRHTHIALEIZ F53 ) C Fig. 15(b) & Mn A3
fLL T3 Z &2 5 Mn MDA HER &, FEATT
RO M 2K DT E NS Z L& FaEL 7=,

6.4. FTEMIC & B38IEX H =X L

6.4.1. B DIEE

WIZ Fig. 15 Thfgad E 7z Hr P O R % SR b L
72. Fig. 16 1% 0.3C-1.0Mn ® TEM {43 & U 10l §
A —vThb. Fig. 16(a) X D BERHBFICH W THWIE
2 HAEBBROE X 10 nm 25 50 nm O R 5
N7z, Fig. 16(b) OMPI/ 4 = V2B W TEEED XK v b
e iThtthr 50T LR (X M) =2 R)DARy b
TERTER S 7z, £/, TIIO 2Ry P 2SR I 5
W13 7 -Mn;N, O [110],0 8 O & Rn—3% & RT
e oA g -MnN, Th 5 Z & %FEL 7.

Fig. 17 128 Fe (a -Fe) 5 & U 7 -MnyN, O Hifvi fg o #5
AKX ERT. a-Feld W TH DT ERIL a=b=c=2.87
ATHs. —5HTy-MmyN, ZIEHEETH 0 KT8
a=h=4.20 A, ¢=12.03 A TH 5.

6.4.2. B DR E

Fig. 16(b) &z [001], //[110] ,TH b, Wi/ s
& —vh5[020],//[220] , OBBRARD SRS, $Thb
% Fe & 7 -Mn;N, i& Baker-Nutting D 41 BHt% (B-N DB
) #7894, Fig. 18 12 B-N OBIRIZ 513 B A At o #
RX%E/R9. Fig. 18(a) 1% (001) i D o« -Fe TH 0, Fig.
18(b) i (001) 1fii 1.0 »-Mn3N, Z7~"§. Fig. 18(c) {Z/R 34T
HIEREIL o« -Fe @ (001) mHAINE 2 X 2H40 125 LT, 5

R

(a) TEM image

(b) Diffraction pattern

Fig. 16  Structure analysis of precipitation

LS %E o
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Fig. 17 Schematic of unit cell
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Fig. 18 Baker-Nutting orientation relationship between
Fe and Mn;N,
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WfERR E N, Fig. 19(b) (289 A N REsA OO Ji - ElA1 i
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Fig. 20 Schematic of precipitate behavior
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Development of Waterborne Primer Applicable to Different Plastics in Motorcycles

HoE B 27 H o By 7

Tomoyuki INOUE Akiko TANAKA

2 H B N >3 S ST O

Shinsuke MOCHIZUKI Masanobu INOUE
7 = ABSTRACT

BfE, “dmEBHEHIC#HEDLDIL T2 EBDL <12,
Volatile Organic Compounds 3% < &FEh T35, 2D
Volatile Organic Compounds {ZEIREMNED—DOTH
D, FEAETEPHLEROIINA KD 5T 5., B
WD L IE, ABS TI2AF v, PAT I AF v o
BEHENTODS., Zhs DRMIFBIESEE L EE A H
ZXLNEE D720, HERIZEMINEEL T T 4 ~ & flin
ST BERERDY, BRI 2fEET 2188415
HRD—DTh -7z, FHLIIINS “DOFHE, Volatile
Organic Compounds HEHEDHK L, EMPPEE 5 1 <
DA ZE TR, ARERIT, #LR VY BEEHY
L UEiER K UT I FIEEE T 2 ) LBHE L © S Pt
DL B ZFEHOWRIIE A EE T 7 4 v HE LT, Hill
ICREET L, T o 2BET5 2 &0 &k - CREEMIIZE 5
72, F7z, ZiRHE T T 2T RIS, BEIEIC X S8
RPWHLRTE A S0, FEEEDOTIC& > TEREI T
280N LAHET B, T A BRIFOMEEN 2 MR T
57012, FUV Faty s EEE T 2RI % T
T, B2 ORf e v N EIRO G % A3 % i
P T 7 4 v DRtk & J L 7=

Most of the paint materials currently used for
motorcycles contain a large amount of Volatile
Organic Compounds. Volatile Organic Compounds
are environmental load substances, and there is
a strong demand for reducing their emissions in
recent years. Many of a motorcycle’s exterior parts
are made of ABS plastics or PA plastics. These
two plastic materials have different film adhesion
mechanisms and adhesion strengths. Therefore it
was necessary to use different conductive primers
and it was one of the factors that caused a loss of
time and materials in the painting processes. We
challenged those two objectives, i.e., the reduction
of Volatile Organic Compounds and the common
use of the same conductive primer for different
parts materials, by combining two kinds of resins
originally designed individually, i.e., urethane resins
with carboxylic acid groups and acrylic resins with
amide groups, which have different properties.
Many of the plastic parts used in motorcycles are
painted manually because they have difficult areas
to be painted by automated painting machines.
Thus, the viscosity was adjusted to satisfy both
the controllability of paint sagging and the surface
smoothness to maintain the efficiency of paint
workers’ operations by using a thixotropic rheology
control agent.

1. EANVE

1.1. VOC Bl (@ F 7= 28 DKL

WA, BRICH T 22N ETETE< AT
ETCHD, BERLARICENEEL 5 2 5 LB IR
A e S h, BElOXNR E L > TWa. Volatile
* T R&D kY 4 —
k HAY =7 3 7 A2+

Organic Compounds (VOC) i, ¥ L R4 < K&iH TXifk
L BB ORIRT, KON LRSI & ol
FAEy T EGEEISHEWEO -2 TH 0, BN
WBEDO—DLE>T\Wab. ZHIZHL, VOC P EHIA %
ElThifr Tk, 7 A9 HD Clean Air Act, KA VD
TA-Luft, 4 ¥ Z2® Environmental Protection Act & &
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b B, HRTIEKRKRGRED IEESEIE &40 2006 44 F
K 0HifTE Nz, ThE20 T, BHETESE, HlkE
FE & LT 2010 423617 % VOC HIllkzE % 2000 F12kF L
40% LRE L7z, Z OHIHE B 2 2K 5 72012, B
H A — R i A B Z o T 2P gEpE
FUE TFRICBE W T VOC R EIZEROEEEAITH D, &
KLFRTHM ST s, Bt oREARRER TIX, BBH
THEZOHTFRBILIRTC &, BEHREOM LY v+ ol
I, EARER O BB CICHD #lA TE Tz, L
LING &HEHET 57220 Tid BB E 132 0 Hilk H R
40% ZEKTHZENTE RN, VOC PEH O KIE
T ARk HGA & B W ARB RO AP IZHLD fildr Z & 12
L7,

1.2. K2 B2 o HHRER
ZEHBEIC O TEICERE I TSR, SR
By, GBIV -4, TIT2AFy 2RI ILTH
%. Honda BEABMERT I 5513 5 BB O WA ERRY 72D D
VOC Hit &% Fig. 11283, K&k VOCHIHIHIZT 5
ZF vy VHNRATIANREZ NI Ehbrd. ThboD
VOC M E DR AR B 720, 75 25 &8l
UL DOEIERE & VOC PE R % Fig. 2 1R, IR
BEBET 74 v BEE, MEEE A5 5 RED EEE
R B R— 2L 2 ) 7T, O3MEMKTHB. T
T2 F v 7RO VOC Y A 2 W, 75 A4
YERAEFT LD THS. 2754 vEFEL, R—2
WE, 2 ) 7B E L TE VOC HEER L W Z &8
bhrb. ZThET 74 BRIy IR Ch D, SEE
LD HETH 5720 THD. ZOT 74 2&FEBITD
BHREHI 2 A T o AKME2 A TIETH B &L, 754 v
KD VOC lEE 70% » 6 % I2ETMABZ Z &N T
&, KiEZ VOC HH RO % HiAte Z &8 T& 5. D
L&y, TAGBBETFEOH T VOC HREEIR R E EV,
T AF 2 EAPEE T T 4 RO ARMEIZHLD flE
Z&liZL7e.

in 2008

Fig. 1  Proportions of VOC emissions from each
part category

1.3. 7514 < D&RE &£ AL

T4 viERE I, e REIIEHO LR BEORMIZA
NEZBHEDZILTHS. TOREIFHFEREEEABI R -
B OEBEVEORER & & D RO BEE MR O~
NdHb.

FRER RS & 3R v LERRMOBIICEBIEE 2T 52 T
U 2EROEEWRSISNCE 5T, &LL< OEREHLM
BB S I2RESLETH D, HERREHNDEZ LT,
BRTHICB T 2BEIRIELL A LT 5. —7, JEEf
BRI W AIE M 72 5 WA L S T B 720,
WENEIME (Fig. 3). #ERKA BT A D 201, #
WP EENEE G T 2DERD 5. 2 D70 IFEENET
HBTTAF T LT EED R EHERET S
LA, TOMCEEBNART2 794 e BETHI L
2% 5.

TIAF 9 T EMEIZE ST, BELEOBEEMSRIFE
LEOLENEDND D, BREDESUENENT T ZFy
JIZRLTE, TI92F 9 2 LOEEECEBN 2T 54~
o R N e

“HREBEO T T 2 F oy o BAERE DG % Fig. 4 15N
. CRE B AR 3O R B ST AT s
AL TS, “WEBHEAORMAIZB 577 AFy
7 NOEREEE Table 1 1283, TN6DT T AF 92
x5 774 vD%HIELITIZHRNRS.

ABS 75 2F v 2 (ABS) 5 XU ABS+PE 75 2 F v
2 (ABS+PE) & RO %K (27 v & VI 7 7Y
LR & DBEHE BB DIZ, T34 vHEEL &L
T, EHDEIEL ABSEM & OBEHITMEIZ L S &,
koTT 74 v&ENE, FEERO -0 OEEMOR
573TH%. — ), PATI2F v 2 (PA) R EHED®E
L DBEFH BTN, PAIZ LR BIEABSE S

Film for coloring

Film for adhesion and

Top coat : o
electrical conductivity
I Clear coat
Base coat
Exterior part
Primer Base coat Clear coat*

* In case of a typical metallic color coat

Fig. 2 Paint composition on exterior parts and VOC
emission amount
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Table 1 Plastic type and features for applications
Plastic type Features for applications
ABS Easiness for painting
ABS+PE Resistance against chemical agents
PA Heat resistance

7201203, MHEOMICESENAETE7 74 v AN
2ZLNBRETHD. 2D IZDHHEDT T4 v DEHE
I, BEUOMNGZTTEL, BEUOMHRE DD, 75
A FEEH BN EBILT 2720 0EEH#HEZFDOZ
Ltk .

Non electrostatic spray Low transfer efficiency

No voltage applied

Without conductive primer

Electrostatic spray High transfer efficiency

High voltage applied Ground

With conductive primer

Fig. 3 Difference between non-electrostatic spray and
electrostatic spray

(*1) ABS Plastic
CBR600RR (*2) ABS+PE Plastic
(*3) PA Plastic

Rear cowl (*1) Top shelter Upper cowt (2)

Middle cowl (*2)

Front fender (*1)

Under cowl (*3)

Middle cowl (*3)

Fig. 4 Plastic exterior parts of motorcycle

ABS L PAZT 74 vHilleL OBEEBRENERL 2729
2HHDO T 74 ~DOF NG RREEL S, Lz -T,
WRTRICEWT, 7774 W D70 08T
BAELTWS, 22 THROEEFT 74 ORIz

Tid, ABS, PAICS AV REA AT 74 v DR %E B
Tk,

Plbn s, 413 VOC PEH EHI & & P TR % H
M, ZimEEE T OB T 7 A F v 2 Bk
BT T4 VORRBE B 557z

2. ARICH T EEKMEEE

BT T 2 F v 7 AR MEEE 77 4 v OFTEIZ B
BULRMERE A LIT & 7z,
(1) AR EALE 3% LITF (VOC PEH BRI % ji e 4
3 T T4 v WNIEFE S h A ERIEA LR
(2) ZMHPUE:0.05 MQem BIT GBI THREDE
AR 5 HKPTH)

(3) WeE2Ek: ABS, ABS+PE, PA

(4) BHEVERE (WIS VE, WM, miete, M) 8RS
DIk

(5) BEAEEN (MM, ¥y FEEEEYE, ith) B
(=3

(6) WAL BT RIS DL -

3. FRECRINTFE

3.1. ABS, PA NDIREM & i 55%5

ABS ZftEosn= b )L KA RO, Wt 4ET
DEREE T 74 BRSNS 2 Z LT, WKRNES
BB DEEN AR TE S, — ), PA XSRS
SHBIEPE N 728, —ARAICEEE & OB FHEORER A i
Ln.%h@z,ﬁA_hwfﬁﬁﬁéﬁﬁiétmtm
T4 ~flgE PAOTLELEE OB TR E TS
A VRO ERERLE PA D7 I FEE OAREREIC
Ko TEEMAMIRT A LI28 5. X612, PARRFEI
AR $ % 728, WIERER 2 BRIZAH 7 27 4
FT—NEHEINTWE. ZOHT A7 4 7 —DOWNEH
NOEMIZE D (Fig. 5), BELDEEMEIT S S IKT T
278, 774 VICKBEEMMROLENILDERL
5.

¥, ABS F, PA FIckBW T ERBD®BIEE 754 vk
& DB, BROICHEPICREEREEEZFT 572
DIEIZIZ L B B,
DEo&Sc, The ZMHOT 7 2F v 23774~
EDBEEWMNRE 5720, ThENhDT I AF v 2125
BT A BIEOR P BEE &5, ZORBIEHRGTO
72012, ABS & PA DZNZHICES T 260 (G &l
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Table 2 Resin type and adhesion mechanisms

Resin type :3;%2(?; Adhesion mechanisms
Ureth ABS Dipolar interactions and hydrogen bonds between:
o er:?&;g: PA (1) ABS; urethane bonds of urethane resin and nitrile groups of ABS
Pgﬂg'iﬁal (2) PA; urethane bonds of urethane resin and amide bond of PA
Acrylic . . .
emulsion PA Intermolecular force of alkyl chains between acrylic resin and PA
Carboxyl ABS Dipolar interactions and hydrogen bonds between:
ac?dr gor)c%g:s PA (1) ABS; carboxylic acid groups and nitrile groups of ABS
(2) PA; carboxylic acid groups and amide groups of PA
Function - - -
group in side Sulfonic acid ABS Dipolar interactions and hydrogen bonds between:
chain groups PA (1) ABS; sulfonic acid groups and nitrile groups of ABS
(2) PA; sulfonic acid groups and amide groups of PA
. Dipolar interactions and hydrogen bonds between
Amide groups PA amide groups and amide groups of PA
#) 2 BINL, BEHAE LRAHEEAWET ST 4R EFaF LD AREEBRMIIKIST 2729, L&D

ATz,
BIRL -Bie L 2 O%ERKMN % Table 2 IR L, BAEHE
W% Fig. 6 IZX/R$ 5.

32. HEKDICLZIZEEMHENMETE T LE—- MK
2 ZREW 5 RO EIR

gD ERO 21y v o VLAY 2 ) ov gk, 3EAl
o7z VEIERICEEh S e Fa$ L5 Wb o 4
VT r— MEIRICEHEEN A VST A= FEBRIEL Y
LR VKEREIERT 5 Z LT, EH & {LE O L8 G A
HA, BIEEPER SN S (Fig.7). LB IZETHh A
fLAlZ, 794 v@ilsicEEhse Fas o te g KD
FTBHZET, 4 v@EEEE LR BEOFESEM AR L
TW3.,

RPN, VEBEAKTH B 72 D ITHEBIAH & IeXTA
BERRPEPME S, BER L BIFEPIZIZZ S OKEET. K
W7 74~ EBEH%R, 2<OKREGAZEE, LEDER
ERETLE, T4 EIROKDN LB BEBEITEALT
LEH. §2LLAITDA Y 73— M ERTEABIED

Fig. 5 Glass fillers appeared on surface of PA

BIRIZB W T EA E LA OIS P HE S L < B> T
L9, ZOMRE, LRDBEEOW, LEDEEE T F
A vERE DEERAROBENEL S (Fig. 8). $727'7

ABS Polar functional groups

Primer : 7 K S 0s-
ABS s+C=Nos- 5+C=Ns-
Nitrile groups

Dipolar interactions

PA
Il  Urethane
C bonds O Amide bonds

/\W/ No\ I
|!| \/\ / \/ Alkyl chains

X
H AVA VA VAN

zZ+T

__________ %

\/\/\/\/\/\/\/\/\

Amlde bonds
|l| || Intermolecular force

Crystallization

Hydrogen bonds

Fig. 6 Adhesion mechanism of primers to ABS and PA
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A BFENIZK S 2 GAE EE, EROEERICHMN IR
52T, NEBRGDZER LBIERm OB & v - 7250
OFELETCTLE .
ZOMEERRT 5720, T4 v B BED
ML e—FTREEZEMNL, ¥y NEEhOKSYEZE
FXECHEHEAIEDO LHABZ 557z,
[T 53 AR A s & OHIET 2 WE & B 2z [R5
DZETHy, BROBE 7 & 38E, KREER, &@E
B, WAl Z RS, 2R LR, SRER ST
B EREO IR A2 v, Bt K OWEHR O 5 ¢ i
Iha.

3.3. M7= vk & RO & MERE

WAIRER O EE I ERIEATH 2 -0 IR S
V. ENO AREROETE AR EL A5 T LT, i
KD LR B 720, BERFOBER - X<V, —4,
ARMEEROERIZI K TH 2 = DITHREESEN. Zhe Z
BEROEI A ILEMEL &0, BRREL L2 D IZ< v
728, WEzhELE TR TN,

72 EREABEO T T 2 F 2 BEISEIRIEMTH B
72912 (Fig. 9), TRy M EEETIIER L T, KBk
HRBELOMELCTLED. 754 VBB KRB
RBEL SN D DL, BEMWBOIKT, BEEHEOIKT 14
A%, 754 ~idny Rl s. Ny FEEDY

In paint

Acrylic polyol
resins
OH

OH

| Hardner: Isocyanate resins

OCN/ ~ NCO

b

In films

Reaction between
isocyanate group and hydroxyl group

R—NCO + R"—0OH (0]
Il
R—NCO—R’
H

Urethane
bond

Fig. 7 Normal curing reactions

B, FEFOHBIC K > THREFUEPFBEI NS -0, &
BRI AR E R ZEh b Z & CTRENEL &
O, RN =NBEZENnD B, Ko Ty FERERHZER
XML LT, v x oy NEIEOM 72k & B R
wohd.

AR 2 BT B BEOEB 72hohikicid, &AW
BT Z TR B ERENME T L, SANIR A2 &

In paint

Acrylic polyol resins
OH OH

/l_\r/J\
OH
NCO H,0

PN . i
ocN NCO Hardner: Isocyanate resins

Reaction between
isocyanate group and H,O

@ R-NCO +H,0 —» R-NH, + CO,
H H
R-NCO + R-NH, —p R’-N-%I)-N-R
O
In films Urea bond
OH OH N,/
/l—\r/J\ T
NH
OH 0=C
NH
| Non reacted acrylic resins | |
R
N_H H~ HH
R-NCN ~ NCN-R
OH OH | RN
OH Self cross-linking

Fig. 8 Curing reactions with H.O

Fig. 9 Example of motorcycle part with complex
shape

— 150 —



THESERAREBIEMICKET T 1 T ORRE

S EBEREN ERTEF oY ruy s e BT
ZRVERIEE A A2 FHORE 2 MRS 2ZEBHENTH B
(Fig. 10). ZZTF oV b aty o k& FEE 3 3R 1EH
A A& FI T, 2zl &P A N3 S R SR A G
ATz,

Low shear speed

Solventborne paint

Waterborne paint
With thixotropic rheology control agent

Viscosity (mPa-s)

I

————

High shear speed Vaterborne paint
Without thixotropic rheology control agent

Time transition when painting —!

Fig. 10  Viscosity changes in painting process

4. ABTE

(1) GRBR S
(1)REFDOBA, 150X70X3.0 mm DEHEHR % H
W5,
(i) HEOBE, 7av b 72 V&, HEHWS.
(2) Ak
(a) B I - e H A (J1S K5400) % R4
5. 1y & —FA4 T EHNT, BIEIZ 100 fHoFH
HotlAi%# Arzt, FAH EICKET -7 %
WSO, #AB LT, BEOHIN S bV 2R
5.
(b) it APERR SR - 40°C DA F & R, R L 7= %%,
WIRO N, HBNFORE MR 5.
(c) MtPmPEiRER: 50°C, 95% DIEITAH I E R, fRHT
L7=t%, IO, #HENEORE 2R 5.
(d) Py ekl -
(i)7 942y z2y VEROYA, BHRIZKLDE
flid 5.
()74 ~BREROES, L—¥-—RE
MM ESREZH T RaZMET 5.
Fy M A 74E:0.8 mm
(iii ) R¥& 0 #ZEEED 4, BYK-Gardner WAVE
SCAN Z#HWT LW, SW 2 HliET 5. A%
1 O J ) 7 R A i § B RE
THY, LWIZIE 1.2-12 mm, SW 3 E

)
S

0.3-1.2 mm OERMIPERDIRIFESVEIRL,
2N ENEE A ENS.

(e) Klifs :

(i)W EfHFaTOEROREE B AR EH K 0 Hl
EY 5. MIERHEE T 6 rpm.

(i)KEMFHDOY 2 v PEKOKEI -V T
L— MARERHZC K DWEET 5. 03I
0.1 sec™.

(f) M 7= AU PERRBR 1 5 mm DIEFIT 727 X b3
JCTRERETT 74 v A REL, FEHO
FTLE— L EBIAGW, BEAZNOEXH 5 mm
IZEDIREE =NIRARE L 5 5.

(o) R MERABR - B3R D k% 77 A~ Wa IR i
W%, e & O TR O 2 &3 5.
Bl 2/ N O E EENER BN S,

5. BREEE

5.1. ABS, PAEZEMAOBREM BT 2 H#I55%E

RBAFEIZ BT, MRV, MR BORYERE 2> & R E T
T4 v ORBIEIEIE T YL Y 5 v 24 TEBEIRL 7.

Table 2 (278 U 7= F 8 2 Flfi & A h O B RE L 3 Fifie
EENZFN1FHEEZRENL, ZOMAAEDEICL T4
M7 54 < BigE A% L7 (Table 3). & L 7= fg12
YR, WA, VEAIA R 4 FEO 75 4 < @k
(P-A, P-B, P-C, P-D) #i& L 7=

T A MIHWREF OFMIL, ABS, ABS+PE, PA
O 3RS RIZH B, ABS+PE 3 ABSIZPE 28 %
BAELZZEDTHD, HEMDOFHGIZH W TIE ABS &
D ABS+PE DA HBAFTHB. L7zh > THROEET
¥, ABS, ABS+PE 24 25 BRIC DV, Bk
BPOTEOH L WS L 5 ABS+PE O A% W THERS
AR TRESEE WIS, #HELETI94~
% ABS+PE, PA OB 1@ L, 7L e— b, E&D
WY BN T EB I B o7z TR OMBRFISx L, w1
BB B KO, MAKMERER %, e ekt o % &
Ak & e U 7z, %5 VAR OO BTAT HEHE 1 100 D~ 2
FIZEWTHBEREF S 2<HBEL 2> 728 DEAHKE (O
TRY), TRTHY ZAHIZHWT 50% Kl H R
Ho72EDOEKME (ATRT), —DTE 50% L Lo
HERE D > 72 DA RER (X TRT) LT 5. fiR%E
Table 4 1Z/R§. ZDHER, P-A & P-B iZ ABS+PE (2%
T 2EEVERBRIAKTH 55, PA KT 5 %GR
BAGKTHD. ZOZ oG A, BIEBIZEENS
HILAR VIEIE ABS+PE L DESEMIZENRS D, PA &
DOBEEWIZH B Z el 5. P-CiZ ABS+PE (3¢t
T 2EEVERBRIABIETH B0, PAISHT 5 %GR
BRIIBHETHDE. ZOZLroRECIcEENET I
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Table 3 Combination of principal chains and function
groups in side chains

Base resin| Principal chain | Function group in side chain
A Acrylic emulsion Carboxylic acid group
B Urethane emulsion Carboxylic acid group
C Acrylic emulsion Amide group
D Urethane emulsion Sulfonic acid group
Table 4 Adhesion test results
ABS+PE PA
Primer I?eassir? Initial | After | After | .| | After | After
WR | HR WR | HR
P-A A O O O X X X
P-B B O O O X X X
P-C C O X X O O O
PD | D o) o X o) ol oW

WR: Water resistance test, HR: Humidity resistance test
(1) Swelling, O: Good, A: Poor (does not appear in this table), X: Unacceptable

FEPAIZEENS 7 I FRICK 208 AHEAEHIZ X -
TEHELTWBLZ NSNS, 72 P-D X ABS+PE
ISR 2 EERBRIEAEKTH D, PAICHT 2 %G5
A ERKTH 2200, WIENET 5 2 & TR
ICBABRKEG ST, ZOZE»oBECIZEENS X
LA VBB ANR Y BEOBEREO DI, PA L3
BT BH, Wk L0 720 I % 2E U 72 & HEH]
Iha.

ZNENOBIEHMD 77 4 = Tld ABS+PE & PA N
DT NDEEFLZMET 5L IdTCE a2 22T
WIZ ABS+PE NOEEMEL RIF 5 BilE A L85 B, PA
NOFEEWEN BRI BE C #lAadbe L RAEEE
ATCAMFDT 54~ (P-AC1, P-AC2, P-BC1, P-BC2)
AL BmEMRB A B Z ko7 SEIEORA LR L
FEEMABROHEH % Table 5 12/

ZOME, WTFhDTI4 <l \WT3 ABS+PE
W EERBRIZAR L2, —J, PAICHT 3 E&EM
REEOMERIZIZEN R 5Nz P-ACL kD & P-AC2, %
LTP-BCl1 &0 P-BC2DHHPA LDOEHEIEN
7. ZOZEH MR C DRAEEST5L PA LD
BEEENENRD Z ENDbhr 572 £72 P-AC1 & P-BCI,
P-AC2 & P-BC2 #b#k¥ 5 &, P-BC1 & P-BC2DJ
NPA LEDBEENZENSE. 2026, T2 ) ILEE
DOT7ILFILGEE PAOTLFILEELOS T NED &,
LA VEIBICEENRE YL X UG LE PAICEEND
73 FREBIC X B ARFERE DT, BEETINE LM
Ihi-.

PLEDOKER» S, ABS+PE NOEHFMIE LAV #
2, PA LOBEFEEZT I Py L a2 VEHERE S LT

B, PANOEENEMERT 5720123, 7I V2%
RETBZENVBETHBIENbh o7 7 L TR
12 ABS+PE & PA Dl FIZEETI2AMT 54 <& LT
P-BC2 & R4 Z LN TE 7.

52. 7L b— MEMIC & 3 Z2EOEF A ERETE

BIEVERE & e 3 2 KM T 7 4 2 BIEOE 75 bR %5k
W520I2, 7L — bORE, s e T, Bk
D77 Ho# & RBEERE D B R & X7z

REFIET 2 PoSKL B W, BNV H -2 -
FEIA4AVvEPLS, L — b LENMOMEEER L 3 47,
7Lk — bERIERASITE L. L e — MR
Wi, 40, 55, 70°C @ 4 K#EE G L7z, RE IE iR/
SIS, SEP R, B KISR0 3 KHEA % L7z, ABS,
ABS+PE, PADTF Z bS8 LIZ, 754 v k% &k
L, 7ve— &Ik, LEDEE BY26Z2k-5
7z, T o OB ISR U, SMBLEEMN & % Mk & 1)
W, W ACHEEABR %, TR ER SRR 12T U 722, SRS R &
Table 6 IZ/87.

T ORER, WIRGZIEOGE, WIRIEM Y 3 4 T/ MEJE
DEMO K, BIEMERE AL L7z, % 728080028 3 52
DIRE N 40C LLETHIE, WFhiZh T EEMag
EMET B ENbh oz Z LU TERIEMRE AL T 5%
JED Ty b #1L 50% L ETH 2 Z Enbh o7z, wfk
MNCEESME LTI, ZWmHBFETROAE SRBRIC
FRBBMREDIF 6 DEAFEWLT, T b — L OFMAF
70CX 3455 & L7z,

5.3. /= hd & B % HIL T 2 thE A%

RS % 2810 & B 22O 7= utk, FEPE DR % &5
Ts o7z WORDREEE L, WRHEDE o b & @i L, Rtk
HlgE O B THRIEL 72, it 72k & SO RN A
BEFNO T Ty b T 2V FEANTE Z - 7z, B
LeoBKHHFHICX 2 BRI X 25HiT, 754 vk
DEOENZZEHROY = v MEIEROFHmMEE, KET 54~
EAIERT 74~ (LUF, AT 74 <) # TR L
=, BHilifE R % Table 7 189

M7z B TiE, 700 mPa-s DL R TIZEBRS
BEEWEELLARAEBE IS 50, BRKE 2
900 mPa-s ##kZ 3 & =N RBERLIT L 5B LN
bh o7z it B, wEEEEOBM,2 S 2h
FAERBEREIZ 20 m A EE Lz, ZOHEIZX L, ¥
KiEE A 700 mPa-s BLEICHIGF 2 Z & T, M7z vl % i
L7,

UM AR, EWRREE AMRNIEE T 2y P
DM B2 5. REBAER TIE, 900 mPa-s 12 CHUTH
LD, 700 mPa s IZCHAT LD ENRS. L2 LEASD
400 mPa-s (233 % LWEHIAKIZ WA C T2y
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Table 5 Adhesion test results

) ABS+PE PA
Base resin Com-
Primer - pounding
formula Principal | __"unction ratio Initial | After WR | After HR | Initial | After WR | After HR
chain group in side (%)
chain
Acrylic Carboxylic
A emulsion | acid grou 50
P-AC1 Ao grove O O O X A O
C CYIC | Amide group 50
emulsion
A 25
P-AC2 c Same as above - O @) O O @) A
B Urethane | Carboxylic 50
emulsion | acid grou
P-BCT o e @) @) O A A O
C v Amide group 50
emulsion
B 25
P-BC2 c Same as above - O O O O O O

WR: Water resistance test, HR: Humidity resistance test, O : Good, /\: Poor, X : Unacceptable

Table 6 Solid content ratio and film performance

Preh Primer ABS ABS+PE PA Jud

corr?dizs; FT | SCR AP | AD WR HR AP | AD WR HR AP | AD WR HR rl:1egn$
(Hm) | (%) AP | AD | AP | AD AP |AD | AP | AD AP |AD | AP | AD

5 39 | OO X|O|O|O|O|O|O|X|O|X|O|J|OJ|O|O|O|O}| X

RTx1 min 9 |85 |O0O|OX|O|X|[X|O|O|O|X|X|X|O|O|O|O|X|X]| X

14 3B |[O|O|X|O[X|X|O|O|O|X|X|X|X|X|O|O|X|X]| X

435 | O|O|O|O|O|O|O|O|O|O|O|X]|O|O|O|O|O|O| X

RTx2 min 9 |86 |O|O|X|O|X|[X|O|O|O|X|X|X|O|O|O|O|X]|O| X

14 |31 |0O|O|X|O|X|X|[O|O|O|X|X|X]|]O|O|O|O|X|O]| X

504 |O|O|O|O|O|O|O|O|O]O|O|O|O|O|O|O|O|O| O

RTx3 min 9 |31 ]|O0O|O|O|O|X|O|O|O|O|X|X|X[|O|O|O|O|X|O| X

14 | 374 |O|O | X|O|X|X|]O|O|O|X|X|X]|O|O|O|O|X|O| X

5 709 | O|O]O|O|O|O|]O|JO|O|JOJO|OJO|JOJO|OJO|O] O

40°Cx3min| 13 | 633 | O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|0O| O

18 |562 |O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O| O

5 |83|0]0|O|O0O|O0O|O|O|O|O|O|O|O|O|O|O|O|O|O| O

55°Cx3min| 10 | 747 |[O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O| O

14 1691 |O|O|O|O|O|O|O|O|]O|O|]O|O|]O|O|O|O|O|0O]| O

5 852 |O|O|O|O|O|O|]O|O|O|OJ]O|OJO|OJ]O|OJO|O] O

70°Cx3min| 12 | 803 |O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O] O

15 | 756 |O|O|O|O|O|O|O|O|O|O|O|O]|O|O|O|O|O|O| O

RT: 23°C, FT: Film thickness, SCR: Solid content ratio, AP: Appearance, AD: Adhesion test (Initial),
WR: Water resistance test, HR: Humidity resistance test, O: Satisfactory, Xx: Unsatisfactory

Table 7 Sagging resistance and surface smoothness of

painted wet film in changing primer viscosity

Primer viscosity | Sag limit thickness | Surface smoothness
(mPa-s) (pm) of wet film
X
400 13 (sagging across
entire test panel)
700 21 ©
900 26 ©)
1800 27 A

©: Better than current solventborne primer
(O: Same as current solventborne primer
/\: Worse than current solventborne primer
X : Out of permissible range

M RIEO 3O B LSBT AI T 74 v EHELDL E& L
7o ZOHBIIH U, BERSE % 700-900 mPa-s (ZHilf#4
% Z LT MEAEME L.

LLEA B 7z Mk & Pt & W 7 9 5 SORPRG S fE 0
700-900 mPa-s & 72 5. M7z PRI TiE 900 mPa-s A3F
F UL, FlEMRETIZ 700 mPa-s 28 % L., SENG,
i 7z % B CTIEEIC R AR5 2 L 2Bk L,
IS BRRGE % 900 mPa-s & P5E L 72,

PLED =D DFRE & Rk U, BASHIIE L 72 Rk
% Table 8 IZ/”37.
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Table 8 Composition of waterborne conductive primer

. Compounding .
Ingredients ratio (Wt%) Function
Water-soluble 13 Dispersion of
acrylic resin ’ pigments
Emulsion resin 13.2 Adhesion to
substrate
. Conductivity,
Pigments 104 Control of color
. Adhesion to glass Solid
Body pigments 08 filler contents
Control of surface
tension,
Additives 1.6 Dispersion of
pigments,
Anti-bubble,
Thixotrope
Amine 0.2 Control of pH )
Water 70.3 Solvent Volatile
contents
Glycol 2.2 Coalescing agent
Total 100

6.1. VOC BEE £ DK

ﬁﬁwﬁﬂfﬁ4vtﬁﬁmﬁvﬁ%,W%ﬁ%ﬁ?é
KUET T4 v &ML, BEICEATSZENTE .
74 2 E&RHC aihévocwmw*i@ﬂ774v#%
70% THDEDIZRLT, KET 54 <1522% TH5. D
W, 77 2F 1 v ZEICEBT AEETIED VOC B
WA 27% KR T &, REARMEIT QWK TRICE T 2 HIE
41% 12k & S HEk L 72,

6.2. ABS, PA N ZEFI AL

ABS &L PAOWMFIZEETLT 74 vERfETERZ
T, T4 oA 28 5 1R Ss T 2 &
TE, BRETHETOEMHTEMER L 72, £ 72072 5
TAVERETDHEEC, T4 vBRIZET 5 RmRE %
WA 5ZLNAHEE -7,

7. BIREVRHR

VOC HEEHIIEE ABS, PAND T 54 v (kL% H
PNZAKMEREE T 74 v DRBEB Z 5> 728, 26 st
123 B BEOFmtEA L, 794 v BB LU ERD
BRI OBE N LW RIRN ARy H 67z, DIF
1226 ERT.

71. LZ2)ZEOFEMEOR L

WA T 74 v BIEL KT 54 vBED B2, W—o &
WP ARIEL, B 2%, ERDBIEO - EHS %
LW, SWIZ&k - TiHli L 7. #5R% Table 9 1. 2B

Table 9 Surface smoothness of top coat paint

LW(-) SW(-)
prmer for ABS | 143 | 405
pimerfor A | 241 | 45
F())rri1mvga;'(erborne 35 4.6

WRPE, 7774 3DY =y PBFEOEHETEIZAKMET 74
VERAIT A v ERIFEICI RS LD, KET 54 v ORI
AP (900 mPa-s) L7z, LA LAad5, BT #%IZ, &
Fl7 54~ Lo FEERED, KT 54~ Lo Ly
BEO S, LW, SW MKW L (LW T 1/4-1/7, SW T
1/9-1/10), ~FEMEA A L L T2z,

ZORKEPRRD 729012, (1) 774 RO
P (Ra), (2)7 74 vHeIEREO F&R O ST T 57
ik (@i, (3) 754~y FBEORE, (4)7
FA VY zy FEBREOETEAIHEE ML 2. HRA
Table 10123 9. 794 v@ED Ra lZB W, KMET
T4 2L, BHIT 74 v EIEX D Ra AV <, ZifiF
WHERBWZ b o BT, AT
T A BIENL, AT T4 B L D BN <, F
N FTWZ b7z, Ubh» s, gk oRMNET 7 4
2%, FEMEAE L, EhEAEGw oIz, ERDBHO
SEWEESE E L2 Z EAENIT X B.

AR DAKNET T A < OFEMER SRR E DI IS B R
3 %. Table 10T T LI, AETIA4vDY 2 v ME
JEOREE L, BWAIT T4 w02 hEDKn. Thabb, K
W7 A4 DENBEZRORIERNFNEZLONE. £
727743y 2y PEREEESIEERTAS L, KET
FTAYDIEBEHRT 74~ K0S IEIME, Zh
WBARMWET SASDHFWERT 74~ &0, kORI
RN RN E N & 2K L, KET T4 DAk
NG FIZ L D REEELEE 5 Z NI Eh B
(Fig. 11).

—H, KET A v oFRERE VR E LT, K
YT 54 ~DIEPBEIT 54~ mEnEniEats
AT -0ICREENDENI L, KETI4 <
DFWEANT 74 v KK EHERENZ ERELS
ha.

72. 75475 LU LR BHOEBDRE L

&9 D ORIRIENRIE, KT T4 v DEEDEH,
WHIT 54 <DFNEELTRKIS% M ELAZZ LT
b5 BRLFRICENT, AT 74 v DEHET 5 56 H
LA EIE LT WA, KT 74 v OEETH 5 Kid
R LIZ< W, ZOWE? S, KT T4 v OBENEN
HEAHEE LT TFoSMaHEI X 5.
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Table 10  Properties of primer films

Dry film Wet film

Ra (pm) Contact angle (°) Viscosity (mPa-s) SCR (%)
Solventborne primer
for ABS 0.20 47.6 394,000 55
Solventborne primer over 1 x 108
for PA 0.39 43.0 (out of range) 60
Waterborne 0.15 41.2 16,560 30
primer

SCR: Solid Content Ratio (=Non volatile content tatio)

Small smoothness improvement

-'---""I;::—- with low fluidity —~ ———_ """ """ r—r-——==77

Small smoothness improvement

with small change in volume

Solventborne
primer

= - 10,
SCR=55-60% SCR=70-90%

Immediately after application After primer painting process

Large smoothness improvement
with high fluidity

.

Large smoothness improvement
with thermal flow and large change in volume

Waterborne i | E E

primer : SCR=30% : m ' SCR=30% | | Preheating
| | | | e *
I | | SCR=75-85% .
Immediately after application Before preheating After primer painting process

Fig. 11 Improvement of surface smoothness

(1) A7 7 4 <38 &I ENE T 2 & TS, Bk T

Solventborne primer Diverted
DEEPEL LD, WHISEE SN A OREEERN L A
{30, KT I74 v 3R FOERTENE F Paint particles Light, High viscosity !
ThD, W ERRANERIAFRE LR $ 0, High evaporation speed ) :,«\.:'

(2) 17 74 2 IZEBENEIET B & 2 ORIERTE<, B @ ) @
BB IR T B 55, APET 5 4 2 i ~FlE & .
¥5 L EOREAE 20, TN HS I EE T
B HRPRL BB RIS (HE L2 F 0. & 5122 hbl T
el BT B R T S BT R S T B = Heavy, Low viscosity
M BRI TP < e (Fig. 12). Low evaporation speed Captured

T, KT IA 2B BRI T I v &2\ "E\al-lf |:>@ oo \\
WAk, LR ENOREDESRLLE zommy: (5

LT, KPS 9 4 v BIERIEAI T 7 4 v @I X D kD '

. R ) . At spray gun At painting object
RN 2RI MEA R 728, BEDR T &2 i L 2§ <
BolzlenELZbND. Fig. 12 Primer paint particles behavior
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8. ¥&®

VOC e EEIE A2 HZ, ZiE8ms o AR pEeE
TIATERRBLEZ. AT 54 vD®EES A4 v AOEMHIZ
X0, HEE RSO VOC P I B S 40% D3R
ICKELEBNLZ. ZDT 54 <1, &L 7= 2 FHEO K
He % o clidA T 5 Z &2k, ABS, PA OifitHki~D
WHAEREE Lz, 2k D 774 v OH L2 L
B, WEFTA VICBT S LI Z AT 2 Z &AW TE
7o, EHIT, T I A T OAKMACIZHES BRI RIZE D,
8 IR S & A A ERG R o L ko
WEEN LTINS 2 N TE

KB EPHIREARBYEITIZFB1) 2 iEBHE TS 2 F >
S EEHDOEEET 4 VISHEH ST\ 5.

SETH

(1) &AL, ANRGE: 23> 2 SHBERRAVET 7 4 <
DFA¥E, Honda R&D Technical Review, Vol.20, No.2,
p.56-60

(2) BB SR AR ¥ D Rt DB 7E, Honda R&D
Technical Review, Vol.23, No.1, p.106-111

mE £

jn'
2 H1E I
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Research on Photo-degradation Behavior of E-coat

hBOE AT
Keisuke KOJIMA

" A % B8F AN W &R
Takamasa AOKI Takeshi OGAWA

2 B

HEJH R 7 — DR TRICE T 28T 1L ¥ — & CO,
PR R AT, fekohdky TREZRILL 287 ok
2 &R L 72, hiR D BIEROBEHEREO B KT %+
BRI &AL A & RS 2 T AL L, Z OfG
R, M hE5| &K FAEEMED RO IR 2 550 nm
LR ThBZ N7 ZOMEIS, 7 —FBai
I (2= 2) D FIZ, 550 nm AT OFH % 4 5
g (BE1R—Z)&EL, WEIRELESBDHERSL Z L
T, B TREEZRIEL TR A7 =3 ) == 3 VITHIK
EECHVWVBETS O ZAERETHIENTE .

ABSTRACT

An automotive paint process that remove the
primer process has been developed in order to reduce
the energy consumption and CO; emissions. An
analysis method of the photo-degradation of the E-coat
when the primer is removed was established, based
on the changes in physical properties and chemical
structures. As a result, the range of wavelength that
cause peeling potential is under 550 nm. Based on
these results, a layer to shield under 550 nm of light
(1 base) was applied before the color development
layer (2 base) without the drying process, enabling
elimination of the primer process without limitation to
color development.

1. EANVE

VAR, BOET AL X — 2 2t & CO. PR B O(KHK= —
ZHEE BT, HEHE AR F — B2 H W Ty TR
BEDOHIBAK SN TS, FERIT, BEHEERR LREEZICH
WO TR CHRELBMELE S Z 50, RRD TRTh
T=R=2 L) T7OEELBEMNELELS LS 43—
I 3= (4C3B) TN ERS - 7. IEFETIEHED T
P B OPEb W2 O ZIZFEH L, 20 k2 F%D
WEEBIALS 43— b 2X—2 (4C2B) TESERN T
AkLOOH B Y 23Ry TRAKEZFEIEL, E

HREITHBICEBOE®EABZI A>3 T 2R—2
(3C2B) TAEMRKIN A — 71 Z& HLaiZ 2004 F-LEAH 6 ] &
NEDHT5 (Fig. 1). L2 LAR6hED ZFILT5 2
&, BERHIR D AMH S TV LB EEERE & < o
TLEH. ZhIT&kD, #5 - LICEEREANDLHE
WENENL, ZOMREEREOHHNIZE > T EE
DAHBNBETREMENEE L N6, T —/3) T—
Vg VICHIPECTLESIEL D B, % 2T TARMZET

3, HEEEICE S BEREONRHIET 2 T L7~ L

T, PR TROBIEE 59— ) =¥ 3 VOl A g
SRR & e L7z, ZONBIZOWTHET 5.

E-coat Primer
1) 4-coat 3-bake rﬁt%' Ul H
M | Lo A P
Di 1 2 Flagh
Dip Bake Spray  Bake Spray Spray gf? Spray  Bake
(8) 4-coat 2-bake @ﬁ@%«”la@ S

Shortening

* Ui R&D £ > & —

https://doi.org/10.69239/hondatechnicalreview.2013 25 2 21
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Table 1 Function of each layer
Layer Function
Clear Appearance, Weather durability
Base Coloring
Primer Light interception, Chip resistance
E-coat Corrosion control

2. PEVEILEICSL P ZERSERE

Fig. 2 I2¥IBRERIX & Table 1 12 & EOKH EZ/RT. K
TR BB A B E LB E R AR I 5o
7z B2, eREE R F o ¥y R HINE Lk
D, 7 —5RBERTBEN— 2L, FEMERHHEEE#HS &
V7 EEENP SO > TN B B THER D TRABEIE X
N3 &, PERPEYBRZL T BN EL K> TLE
5. T I Ko TEMRPHIE & & 574 D ORI R
MO NZEACT B 728, PR OFEILIC K D B R
ANONHOEMZFBHNET T 5. FOMRAE Fig. 3I1TRT.
FEHE MBI N — 2 U E F B BRI O SRR
RAEL, FNE AT IR I TR M <
TR A ZR LR T VO L, BIFaE R 5Ok

Clear 30 pm
Base 12 pm
Primer 30 pm

Steel

Fig. 2 Standard layer structure of body paint

30

30

PWRHEAE L, IFEAEREBR LAV, ARG THIH
FABESRO T & MU R R ORI S % 28, JE
BRIZOVWTEINTEFTEEFRENEGHLS TV, £/
HRE T TS & B S h, MR TR A Bl L Uh
TEHBLTLES. ZOZer»5, MEDEIEICKZES
WIEANONHLEBIEL, 7T — & RBT 5 X — 2 OERE
ERREIARAFT 5. A REMRHIMHENE I BV TOkHIL
LRTWEEA S 2 P70, BENOIHERELEL
THEWT§ 21213 N— 2O ER S & HIRS 2 B85 H
5. BRIIZW S &, R T A4 boS—IUIZEE L
M0 HitETdH 5728, BRI — Z 721 THAREN 4
B, K0 HHRA I L 0 DR S A A LI
L% 7576 80 FREIIK T S ¢ 2 B HA b 5. F7-H
JEaE L T 2 ICIEN— 22 KD EL BT M E) D
B0, RS A T2 LMD SR W T Y FR4
LEV S RENBIEOIK T ARELR T A->TLE
. U EkoZens, FTEEREONFEH £2IEEL
72 bET, SN = 3 VERNT 50D TR
EIZBFRZ L/
3. BEZEDNLILEEN

3.1. XHIEDIIRITIE

BB BRI 27 2 ) — L AT HKF Y
g % R & § 5 BRI T d 5. BEERORBIEK
1% Table 2P R§ &5 L ¥iasE L TH D, Zho
DOFEE T 2L F — 1303 h & SESMRO G = 3L ¥ —
CHM 5220, MRS LTHLLRTVWEEZ
5N TS, JHES 300 nm 25 800 nm DEHE % HAGH4 5
ZETIRFUBIEDOEE NS T S L OHE Y b
B0, EBEZEDWRENHIITHET B3 L 720> Tn
s,

FPRYNCABHE AR T - REIT BV, BEREOL
FUBEDED K BELERIEFTO» R 2B &5 7=,
WE BRI E M 2753 ZER LIRS CEERE L

White base 10 pm

20 20

10

Light transmittance (%T)
Light transmittance (%T)

Clear: 25 pm

0_

Black base 8 ym_,

Clear: 25 pm

12 ym

Light transmittance (%T)

15 pm P

400 500 600 700 300 400
Wavelength (nm)

(a) White color

500

Wavelength (nm)
(b) Black color

400 500 600
Wavelength (nm)

600 700 700

(c) Blue color

Fig. 3 Light transmittance of base and clear
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ToAER, Fig. 4 1089 &9 ABEOHBNNFHELL. Z
DR BN IO DOBT FAMEE (SEM) 12 & 2 BRI
LRSS A Fig. 5187, A NEHN «, B DOILHE
SOMR, WINEBEBEREICHESG ST 3BT
AVICHET I ILEMMB I N2 E» 56, EERYOH
DIIEEREO RGN A GEEWIEST S 2 & TREL
TWBZ DM 57 ZRIFEBSEEENRIZE > TH
fbL7=F A, HACDRIEFTT 5 720 H B NERAL &
T A P& L TORWEERESS W) Ok k1t
&7 =) TEBFIOCER (FT-IR) THMr L 7=, 5
5N7% FT-IR RO N2 6 LB DO ZEAL % MRk 4
3 72 W & FIHBNEBRLDZE 2 X2 b L ERRGEEL 7=,
ZOKEHR%E Fig. 61T F. £2ARY PLOILUEY — 213,
1510 em™ ¥ 2 7 = 7 — LR IC sk 2 F5EHBR ORI
e Uz, RMANBAIMHE &R L TZ 2T LRy
L&y, TR F VICIRIE RS A WG O 3R D3RR &
PRI KT 5, 3400 ecm™ A Y —2 EF 5K
R, 1661 em™ & ¥ — 2 &4 3 RNEIHIAES OB R
bl ThEDZ &6, BEBEMIZKBHL T
PR ZL L, 2 ORER, BEMRETHANNEC 2L

(a) SEM image of peeling point

(b) Close-up of peeling point

Table 2 Bond-dissociation energy

Bond of Econt | 3 Coeshon i)
C-H 106 270
Cc-C 83 345
Ph-C 101 283
C=C 146 196
C-O 76 376
C=0 174 164
C-N 73 392
N-H 93 308
O-H 111 258
Fig. 4 Peeling of top coat after exposure test

Point: o

Point: g

Na
ZnAl Pt

el o e

A"

(c) EDX results of « and g point

Fig. 5 Results of SEM-EDX

0.0020

OH group

0.0018

0.0016
0.0014
0.0012
0.0010
0.0008
0.0006
0.0004
0.0002
0.0000

Absorbance

-0.0002
-0.0004
-0.0006
-0.0008
-0.0010
-0.0012
-0.0014

-0.0016

Unsatu

rated bond

Urethane

1725

Ester

3000

Fig. 6 Differential FT-IR spectrum of E-

2000

1500 1000

Wavenumbers (cm)

coat between initial sample and peeling point

— 159 —



Honda R&D Technical Review

Vol.25 No.2 (October 2013)

FAOoND., RICEERELEFHLIE I HERIZONVT
WL 7=,

3.2 SERBHFE

BEBRORMBER EHLOMBEMGET 2 720, 5k
ZALREHET 10 nm T & '%%éhf;ﬁ'ﬁ%a@%i”ﬁ i
%ﬂﬁ:. 3.1. fid Fig. 5(@)12d % & 512, #BIIEER

@iiﬁm&%ﬁﬁ TH370, %mfaﬁ%@iﬁ%i%fL

LT3 eE L bh, BNPRBGHEA OEREH» 5 RS
2 pm QLS % R G ERITRE (SAICAS) THll
U, FCHAGHZPE S B 5 B OB L AR L 72, &6
IZHALDENF T & U TR RO F R 2L %
FT-IR TH#i L7z, 22k, KIEREIZH 2 5 2E)
T, WP K OMLFONS  S @i 2 Z &N TE . K
fETIZ I, BEHERY BT d B 170°C 30 45 TRERTIEL
L7z L &7z, £-HEHEOBEBEEET A Y OEH)
BWRE LT, BRI E A XV ORADBZET SN 55,
IR JNEEE PR 7 & AR 8¢ 5 _LRRBER S
fE&ME L, 220C 1547 CTRERHIML L 727 S XL & fifaCff
AL 7.

3.3. MIERIREATHER

FALE AV, REGHBOBIMRE 2 100 & L, HSHR
DWWt # G TER L2, #E->TZOHEAEA 100 K
DIKT LT 2D THIUL, NHIc &0 EE R
DOHEWHRESET L TWB Z e E2IHL T3, ZOMR%
Fig. 7 128§, BRUEMER SF TIRIR L 72/ S 2 L & 20t At
BT 20 IEREIIRST L7222 24, 400 nm DU OEHT
Wb DN 23MfERd S sz, AU LT, 220°C B

2.0x10?

Absorbance

1.0x10%

2965.8
2870.0

DX G RIGZETHEEE B Z k> 728 T A, WEEHEE O
KT 2% 440 nm DL P CHER S, & S ICHaGHRERT %2 132 I
2> & 950 i & CHER L CHISF L 72 & 2 A, 450 nm DA
T ORI CTHEWIHRE OIS T 2R & sz, —J7, 450 nm
P EOWEEIZ DT, Hagh R I s 8 4 < Bk e
DK T EMER I a7 ZOHHEHHT 2720
220°C THER L 2 E IO FT-IR 22X L&l 7z
R (Fig. 8), MEBILMICKEE T 2 ¥ — 2 il s hi.
WAL O 55 A fREE T L — 2 447 nm O BGT 3L

—ZHYS T2 28 O h s, BRSSO X DA
B ANDBREL, ThBE ST &> THIL D
HEAT LT 450 nm LT QWG ERLL OB W@ AMK T L7z &
Zibohb.

3.4. {LZRIBETHER
450 nm BL_EOEHRIREH X U TR E B OB R DI
RS & A o T2t AT RO R AL

—_
o
o

©
o

-8~ 170°C Bake 20 hr

| -&- 220°C Bake 20 hr
-m- 220°C Bake 132 hr
-+-220°C Bake 570 hr
% 220°C Bake 950 hr

Residual ratio of tensile strength
relative to initial (%)

0 L L L
300 350 400 450 500
Wavelength (nm)

Fig. 7

@
=3
e}

Results of E-coat photo-degradation

12425
828.8

1182.3
1035.6

Peroxide

3370.9

3695.!
3619.6
3035.0
o

695.6

220°C x 15 min

Standard

170°C x 30 min
0 ——)/\J\/KL_____,_
3000 2000 1500 1000

Wavenumber (cm)

Fig. 8 FT-IR spectrum of E-coat baked at 220°C
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2.0x10?
®
o
c
<
2
I}
%}
Qo
<
1.0x 10
430 nm
470 nm
500nm
700 nm
I o W Initial sample
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Fig. 13 Light transmittance of 1BC
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Study of High Smooth Electrodeposition Coating That Enables Primer Process-less Paint System
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A study was conducted on a high smooth
electrodeposition coat that enables a 3-coat 2-bake
primer process-less paint system. This study attempted
to suppress the gas pinholes remaining in the
deposition film before drying. The methods investigated
were to suppress hydrogen gas generation by reducing
the neutralizing acid concentration in the e-coat bath,
and to enhance gas escape during electrodeposition by
optimizing the deposition film viscosity. Application
of these methods achieved a smoothness that enables
a 3-coat 2-bake primer process-less paint system to
secure a paint appearance equal to that provided by
the current 4-coat 3-bake paint system.
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Fig. 1 Body paint structure
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Fig. 2 Edge-covering property
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ZECHRIL, WRPICREMIZAE ST S (Fig. 5).
ZDOBIBIAKDBL SR THRAELZ OHRIZ L > Tl s h
5. BRR T A REICHRIE S 20ICRE LS MEQ
WETTIE, £< O OH EABOHANIIHE S h, KRNI
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#Z 7z S, @ MEQ %31 &I MEQ 3% o #7 I % e
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HUZERAF T 2 KRR A 2RI T =, AR &K ik &
SR L, Wtk OB €1 L 72 (Fig. 6). MEQ
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Wb B AT 52 8T, ZOHEA kL7~
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F 93, iR O AR & it O & & &
DR & RGE L 7= (Fig. 7). HIHPER ST BRI TE D
FBETH 0, 7 2 HEWE & HRHE T % 5. HEMMERD
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Fig. 3 Schematic image of E-coat
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Fig. 5 Function of neutralizing acid
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Fig. 6 Cross-sectional view of wet film on high and
low MEQ

Standard

High coulomb
efficiency

High gas
desorption speed

Beginning
of deposition

Lowering H, gas

Easy to go out

End of
deposition

After baking

PR

Fig. 4 Schematic image of E-coat
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Fig. 10 Paint appearance and E-coat Ra
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Identification of Mechanism of Transmission of Flow-induced Noise
through Glass for Vehicle Interior Noise Reduction
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Seeking to identify the target for control to reduce
vehicle interior noise, the research discussed in this
paper determined the contribution ratio of convectional
pressure and acoustic sound to high-frequency flow-
induced noise (1 kHz-5 kHz) in the interior of a box
modeling a vehicle interior, based on a model of
cabin sound transmission from the pillar modeling
the flow around the A-pillar. This study showed that
the contribution ratio of acoustic sound to the overall
value in the high-frequency range at the microphone
in the box was approximately 93%, indicating that in
the high-frequency range, acoustic sound is dominant
in comparison to convectional pressure.

A comparison of the sound pressure distribution
on the external surface of the front side glass of an
actual vehicle, as estimated from surface pressure
fluctuation and far-field sound, with the sound pressure
distribution on the internal surface, as estimated from
the vehicle interior sound level, showed that the
difference between the sound pressure on the external
and internal surfaces is almost exactly equal to the
glass transmission loss. This result demonstrated that
acoustic sound generated outside the vehicle is also
dominant in sound transmission through the side glass
in an actual vehicle, indicating that the reduction of
acoustic sound generated outside the vehicle would
be an effective means of increasing the comfort of
the vehicle cabin in relation to high-frequency flow-
induced noise.

1. EANDE

HB R OE 5 5 BIRO 720, KKFEZOFEBIZ\T
TR BEUGE R, mE It S BT REME R E O b
ARD TS, Ptk bo—>& LT, BNEEEO
KRB HTFENE, ZOFRELTUL, =YV eZ0HE
K[OBIEEBEIC LD 80D, 24 VR 2RV Y 3V
RN K BT —F /{4 X, Heating, Ventilation, and Air
* SR v 2 —

https://doi.org/10.69239/hondatechnicalreview.2013 25 2 23

Conditioning (HVAC) % D22 iidna, 7 LT, Hmi&ahic
THET 222 ROHN DI < HEAHERK & % 5 )WY FIZ & 5
LOEND L. KRS, BMBSGEOBIE» S, ST —TF v
FOBEFLHAEAR, TV YV ROERG KT T BEHAICH
5. WZEFIT EVISHW T FHEORN & i HNNE
D BRYIE OGBS 5 Z & AMfERL T 5.
JRY)E ZAKINT 2 72D OHEAEREO—D & LT, £k
ZHENREL, HANBIZ A5 VW) @miEER TS &
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AT, HNERGIKIROD 72 8 O I R O WL A L5
KA. ZORYIEDS B, FFCHEBEESDOA TS FT 3
F—EEbTuY P YT —H0 TRAEL Y EE R
% (1 kHz-5 kH2) 1%, #7972 &3M L CHNNZET S L%
AONTODEN, ZORERTIZED A =X LIFHE 2
12X NTWHwn,

HNNGEMEETBEOH 7 ZONHRIIE LT, 7 *
AR 2 5k R 258 &g c K EAE L 7=
RHEVNEZ N DH, HNE TR 72 0 O HlHN 5 %
WIHEIZ 4 2 728, ZOWENFMENZE) &2 8 DHEN
ANDHEGREEWMHIZTEZE3EETH L. il 513, ¥
7 AMR A ERIE L 7 BENBE S E £ 7L A xR & U 72 R AR
BRCX D, BEPEANEE LT WA RO Z & &R
L2 LhL, 208BIZT VXL 4 XTHD, 22 )
BRI K Dl S 7=k 1 A B & 22 )1 E O HN
ANDFGHRITMEIS 28 > TR,

Z 27T, AW I NG SRR D 72 8 Ol 5 O
MibAZBZAhS. £, 70V FE5 -8 O % ki
Lz T —HFHNREET L (Fig. 1) 2/ E Lk, &
WRY)E 2 51 B HINANOFRIKTIF T2 ) & 220185 D
HEGRORTE B ZAS. WIZ, FHEENES & HIMER Y
TOHBREBIES S DET S,

_ - -~~~ Reflected sound
~
Vortex sourldf - ~

-7~ S
N -7 - REN
-’ ,’ N ~
A Y/ * Glass plate
Pillar
Gl

\jgs vibration

Transmitted sound™~Lriver's positio

Box as cabin

Fig. 1 Model of cabin sound transmission from pillar
modeling flow around A-pillar

2. FURT X MIH B H T REBEFEDIEE

YT — HHNZEE T L OFERIL, Table 1, Fig. 2(a) 2
AT, ERAMCEE SRS Tl 2 k572, ¥F —FHNE
¥E T, Fig. 2(b) O & 5 128k 2 2L R & Hfi %
Bl —2EFMULEAT y AR T TS,
T TOTHEMNIEH 7 AREZE L, D44 X1k Fig.
2(c) DL SIZFIT HYBRID @7 a Y b4 F#H 7 Z L
HWftE Lz, 72, 79 2RO FBIZIEHENE €T
L 7=fi% i E L, MONEEEILIGORE LD R 729
W5 M4 % SRR D 77 T 2 HLASHZ G D A b 7z B
& L7z GHANZ, Table 2 1IR3 &MFICTHEZ BV, ATy

Table 1 Wind tunnel specifications
Maximum velocity 50 m/s
Background noise 54 dBA (30 m/s)
Nozzle exit size 0.7 x 0.7 m?
Anechoic chamber size 4x4x3md

Table 2 Measurement conditions

Step height, H [mm] 30

Nozzle exit velocity, V [m/s] 33
Glass thickness [mm] 3,4,5
Microphone sampling frequency [Hz] 32000

7B 1 miSH I BETTE L RNE ORI, FREER
WL EOERIZLS T, MEORmWIEMREHE% Z
EWRTRELE YL F T 4 — L Ev A4 20T v ERELE
(Fig. 3).

Fig. 4 ISR T & 512, #T7 ZADEADENZ K B HING
JEAZJER Z L1250 E T TR, 7 AERA =X &

_,_|
B}
T
i
4
|
5l

Anechoic chamber

7.5m
Il
r Test section ,L
L= e
I: ,\'\-\:5.? l i I%“ l L =
L= |
i -
1 - =
5 -
: H 7 Nozzle i
7 = Hl [T
7 , ==

11m

Anechoic box
(95% Absorption)

(b) Schematic view of WT set-up

Side glass (Actual vehicle measurement) Glass plate
0.8

le—0:85m ,| +—mﬂ _
N -
2\ \E -
1 >
0.83m l 0.9m

(c) Dimensions of glass plate

Fig. 2 Experimental set-up
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DEESTNBZ RGNS, £72, H I ADRII AT 5
ZADEBRIZE S TET B Z B TPRENE D, B
DEZDENZEIODELL BN &2 S, H 5 ADREH
EHGE RN G- 2 BB .

Upper microphone @—
50 mm
V=33m/s 4>| 1000 mm
H=230 mm¢
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Fig. 3 Microphone positions
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[
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Fig. 4 Experimental results

3. RAENFNENESH EZNEDEFS

#

3.1. BHERBRFE

Powell OilfiFit TI1d, 22N EBIIMALEE 2L C % i
OB T B L xhTnd P FIHERL BB, &
a2 b HEOB S b HEHIHERE T4 (Stochastic Noise
Generation and Radiation) 1236 < #f22 V0B Z bh
TW3 2, KR TIEHEI & & 513 < B O E) & 5F
M2 5720, JEEMEEIEE S Large Eddy Simulation
(LES) #9Hi L 7z. f#HTIE Hexa BH & Prism BH A F 4
L L7zAFH Ay Y 2wz (Fig. 5). Table 312 CFD
ARSI E R,

Fig. 5(a) IS L 72 & COIE B % & 12, Ffowes
Williams-Hawkings (FW-H) 4 HWTA2F vy 7 EH 1 m
BT 3EFGEETVHILZ. ks, &2 TIE 28
VIR T 78 5 728, MRS AR U 7= 4ER " % 1
WSRO FEEMIE L T 5. Fig. 612, 35
D JERBRG AT O HIE & FFRE & DR & NFH A ¥ o
TOWRIRFIE 5340 2789, Fig. 6(a) &0, @R &0
WK CTd 5 1 kHz-5 kHz I2H5W\ T, FW-H 3AIC & 55785
BEOMBENERME K< B L TWDE Z LN TE 7.

Table 3 CFD calculation conditions

Software Fluent ver. 13.0 SP2
Inlet velocity, V [m/s] 33
Step height, H[mm] 30
Reynolds number [-] 66000

% 7=, Fig. 6(b) TIZ A7 v FI2 kD IF < BEL =i teid 28
v (z) AICihE & Ok (3, ) 282 < FRAETE DI
L, FfPE mzidmd (x) ANl 2 Foftis ) 282 <
B0, BRI L TWE Z EAMEETE B,

Node: 10 million
Cell: 11 million

¢60 mm

Sound source surface for FW-H

~

& » & 3 & N &
< »> < g g

200 mm 250 mm 900 mm

A\ 4

600 mm

(a) Hexa/Prism mesh (Hexa mesh)

R AX* -4,

Az*-150
R=2mm

(b) Hexa mesh (enlarged view)

Fig. 5 CFD mesh

— 80
9 BFW-H
@ 70 || oExperiment
3
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>
[}
8 50
a
B 40
>
o]
D 30
630 1000 1600 2500 4000 6300 10000
Frequency (1/3 octave bands)
(a) Far-field sound spectra at 1 m above step
y | x vorticity| = 5000 (yellow)

z vorticity = £5000 (blue and red)
Ll

' I l

Convection and dissipation of vortices

(b) Instantaneous vortex distribution

Fig. 6 CFD results
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3.2. BE{=HEMBITFE

WIS, LAY TR TOR T EDO A L
EFEIIE T 2720, XWTTEXTH % Lighthill 75
Pk O 2 AR BRI & 0 L U TR < S EE R
(Computational Aeroacoustics:CAA) @Mt % Ffi L 7.
Fig. 7 1R T X S IZmNIGDO IR 2 » ¥ 2 B
L, NFEH Ay v a2 ZHOTZ Y FHOEE 190 mm %
TR L 723 LES I2& D3 5172 Lighthill 7 ¥ ¥
LEFRELTY vy VoL, BRI CEORE &
EHRIRNE RT3 5. CAAMITCHVWARK A v ¥ a2
4 2135 mm & L, 5000 Hz DPiE% 10 S2L B % L T
Wh, Kk, KOS T EEE RIS MR A O,
HEHBEDOTENE 5 ROIMTIZTIHZ % 5. Table 412
CAA R D&M 28T

Fig. 812, f@JEBds T o3& 75 4 & Fa itk o 1l & 2%
e D 27 » TETOFESME/RT. Fig. 8(a)
XD FW-HEICK 2 PHIE LT CAA @HTIZ & 2 Tl
MEEEE L —H L5, Zhid, FW-HE& L
T, CAA fENT DT A O MBI & 5 VU EkR S O F82E & Pk
BiRH T ORSREELIC & % T HkRE & LT oEKiER Y

[CFD area.

ACTRANmesh

—P >l — >te——»l
200 mm 250 mm 900 mm 600 mm
Fig. 7 CAA analysis
% & FW-H
—CAA

@ Experiment

O 10 20 30 40 50 60 7 800

0
SPL dB (1 k-5 kHz)

(a) Far-field sound direction at 1 m from step

P s (1 kHz-5 kHz)

(b) Near-field sound distribution

Fig. 8 CAA results

Table 4 CAA calculation conditions

ACTRAN/AA ver. 11.1
Lighthill-Volume

Software

Sound source

Maximum frequency frax = 10752 Hz

Frequency filter Af=143 Hz

Table 5 VA analysis calculation conditions

ACTRAN/VA ver. 11.1

Acoustic and/or
convectional pressure

Software

Vibration source

Glass density 2500 kg/m?®
Glass Young’s modulus 7.16 x 10'° (damping 3%)
Fixed point modeling as spring Stiffness 90000 N/m

Maximum mesh size 5 mm (glass), 9.6 mm (air)
foax = 10752 Hz

Af=14.3 Hz

Maximum frequency

Frequency filter

EREILSIASDEZEZ 65, 72, Fig. 8(b) 5
FEDE ORI Z 7 v 7113 < BEkai AR < RS h, Fig.
6(b) & DA B 28 Nl & DR L < AT
B E L Tn 3.

3.3. BBERTFE

AR CAA RITIS KD, EHEE, BTN O &I
A& H T ZAERT 2RI KRD 5 iz, T T,
Fig. 9ITRT &I ICH I 2NN EZIREFEE LT~ v &
YU, H T ADREBISE L HNEET L L 2RO
CAA f##T 28 U N4 % S5 8YE3%E (Vibro Acoustics:
VA iE B Z 5572, H 7 2 DRSS TIE,
EORERCERBLEMET T2 34 V7 v 23RO
BEEEIND. kb, KETIZd s, 777 20ME S
PEEWEREIST X — &2 L LT, H T A BB R B AG H
EHOZZARE)E — F &G EERBAOADEIAAE LT
%9 Table 512 VA @i OF L& 27§, FNDOZEM
Ay Y aY A XEH T AERAMNDOABKEED 6 5H & L,
BERGAHIIERRER & U CNERE B3R O DR % fi
L.

Vibration input source plane is
copied in adjacent area
I

Glass fixing points
(12 points) 380 mm

Infinite
element

Fig. 9 VA analysis
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72, Fig. 101235, F6NE O SRR A O Tl
EFERE & DI AR, Ak, THRIIZIE, CAA o
WRTH WS FRENZEB L2155 GAZ D EH
W7z, Fig. 10 &0, CAA RN CIEH v 7V v 7B
BCE W=D RN T & DM X 6D X HEL T
B0, TOHEELVNVFERE L XS —BHLTWEEF L
5. 22T, EANE, HANEIIE Y 5 ERESRO L
N E BRI L 72 —o3F =)L (OA) B THIlfE & S5k s &
D ik % Table 6 1Z/8.

Table 6 XD CAAHIOFN~A 707+ Y OFHEIE
FERE L D 2 dB RBEKL &> T3, [k 2 fEifnoE
HGE T RN Z N6, ZOFERE, BN IZ22
TIEWED 518D 2% H DA% Gl LT 2 Bl T IZ L,
FERCTIIBREE S IS K2 WENEEh Wb 30 LEbh
5. 72, H7 AEBHKERTETGE L RNE DES
(ASPL)E, CAA f#HTIZ X 5 Plllfi & 28 & < —F&L
Tk, 17 AHEEHERBASR A O 728 bEAA DR
BORBERS VAR 2EETECnWbE2E2 605,

RO ZE G IR T, CAA AT B U8 VA AT T
DORGEIZ & D, EEEREYIE 12V THER e ERIZ KL<
—3T B IRNTREE AR 5 Z AT E, kaddEh A Fu
Te NN DT T E 258 & 22018 O 52 O A 7E %
BIZa5RMLIEL N,

34. RANENENEE EBHEDESRDORTE

H T ZAEH 2 MR # 2L X 2, 3.3, fiod VA @
B %9 28T, RINOETEISRT 2R 1%
B L) HEOHGROEEE BT %D,

3.1. f#iH 7 ZIAEHT 2R (Fig. 11) IR
JEEH LES 63k 72728, FlkENIENZ B O A
k28D THB. £72, 3.2.HOH 7 2T B NHEN
(Fig. 12)1F, WAKRIIZENTEIIZEE) & 22 )15 K 5 &8
NEGAZEDEZEZONS. NOXAFERNTH 5+
Lz b=z 2R EHEGEORIT K 0 E N 2 385X
(Lighthill 5fE:%) # XECAFERE L THWS Z L ABHT
»5.33. HOANE LT, 3.1.fiik 3.2. HiOEHEH %

100
= —— CAA, upper mic
S, 80 | ——CAA, box mic
o] —— Experiment upper mic
E 60 Wy —— Experiment box mic
)
o
a 20 A [
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c
3 0 — MW%M
(9]

-20
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Fig. 10 Sound spectra at upper and box microphone
positions (Glass 5 mm)

Table 6 Overall sound pressure level (1 kHz-5 kHz)
at upper and box microphone

Microphone location [Cdg';\ Exp[zgr]nent
Upper (far-field) mic 65.1 67.1
Box mic 36.6 38.9
A SPL (Transmission loss) 28.5 28.2

MRNELTE 2328, #7 2AEHDENZEFDEN
IZxHe U 22 FNE R E 5.

MR RS2 I 8) & W 72354 O 5N,
JABRA G B BIZONTHERIEE DZERMNKNE L 7 516
MAd 5 (Fig. 13).

(b) 4 kHz point load (N)

Fig. 11 Convectional pressure load (Glass 5 mm)

(a) 1 kHz point load (N)

(b) 4 kHz point load (N)

Fig. 12 Acoustic and convectional pressure load
(Glass 5 mm)

100
——CAA, upper mic
) ——CAA, box mic, acoustic and convectional||
80 —— CAA, box mic, convectional

—— Experiment upper mic
60 —— Experiment box mic

o s
20 | Ay W

0 | % Ao P i)
-20 MMl
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Sound pressure level [dB]

Frequency [Hz]

Fig. 13 Sound spectra at upper and box microphone
positions
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F 7z, WARIIERE AR & 225 K B EEIR))
45 ZNRS & U TR 2R3 & HiR 20 I 14
BaE A7 AR E L THOERNGOES 25 2 L
kD, EHEOFLHREELRT S LN TES. Fig.
T4 ISR~ A 70 7+ VISB T 2 2BTTE%S 5RO
oAl & RO O A TDZE ) EHGHERY. Fig.
14(a) & 1.0 kHz-1.6 kHz Tid 10% FEE DA T2
FENZEBHOHGEBIGEIET 2 E DD, JHBEEAEL %>
7z 2.5 kHz-5.0 kHz T3 % OFLGRL »FEET, 22
NEFGHEN LRI B, F72, Fig. 14(b) kb OA A
TOZRJEFGHEITHN 93% & a0, @Bk TIEE g
NXWENTHDEFEAD.

Fig. 151CH 7 2A& AT v ThEAK 4 kHz BB E
Ny s =12 kB EEEEH Y 2 RT. ZORPE X
Ty T TRET 2RI EN RN AR L, Mz
SHMNIAED B Z EWHERTE 5.
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Fig. 14 Contribution ratio of acoustic sound
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Fig. 15 Sound propagation at 4 kHz
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Table 7 Experimental equipment

Briel & Kjeer Sound &

Manufacturer ) )
anutacture Vibration Measurement A/S

16-ch surface microphones
(Surf-MIC)

42-ch half-wheel array
microphones (BF)

4948 and 4949

Type 8608

50-ch spherical array

microphones (SBF) Type 8606

4. FECHGBER, BHENEOREEH

JRWE R Z & O T ENEENIC R KT TR, B
Rolcko>THERIN TS WA, ERIERYEICK T 5
HAMEYE EOFE L LT, MYESYA FH T 2455
WY AEFICEH L EfliEz ., 2 2 TARIFR T, 2
TGRS ST SN D H 5 ARMDGIEE T 2%
[ DIENAH), HENNMED BEEFORBGREHS 22 5.

- 7
—

Ps: FRiRJIF 1A ) & 22015

Pf: 22)13%

Pi: NG 5 2K TOHFIL
i IR

Table 7 IZGHIBEE OME A/ T. Ps i3 A 7 A HKMIC
WO 729 — 7 2 24 2 a7 x ik 5EHME (Fig.
16) &, PRI FICRBE L2 FRi~4 207 x v 7 LA
(Fig. 17(@)J)IC K 2EE&EEHAIL D, =27+ =3 v 7ih%

/8
9 10 11 12

-

S 131415 IS

—
Surf-MIC

(Surface microphones)

BON2I 86.44

(b) Contour plot of sound pressure distribution (dB)

Fig. 16  Surface microphones
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O CHUAMIE COEFE M AT L7228 @ (Fig. 17(b))
EHW E2, HANED 3 FOFHIiO 729, ki~ A
sua7x Y74 (Fig. 18(@))ic k 2EEEFHHAZ 3 Z o\,
-7 5 =3IV ZEEHCTPIiOSmEREE L
(Fig. 18(b)]. Fig. 16(a) IZ/”R§ & DI, =T 2 A~V A4 ¥
074 3 H 7 A BEEEBEIICI D T s hTng. 207
W, SUIPE Ps, Pf, Pil%, BEHEORL 23 2D A4

FH A2 (B 3.5 mm) iU, HIEd 259 —7 24
a7 x VEHHIRLE (#1 - #16) TOMAEREMEL, 20D
YA & F 72

EGEAEE S S HEE SN B A F T ARMOH
& A 7 ARIMOIENZES), HENNED 2 EEFOMGR%E
DTOHETHE ML Ps, PFEZNZERD dBlih 5
PiDdABEARIWZEDE 2T THWARA I 2 (R 3
mm, 4 mm) DFEEAKE O A Fig. 19 (R8T, A7 7
2 DE B E Pf & Pi D5y P-Pi \Z[ABRORER 2R
—77, WERIFNENEB L EMTH B Ps & Pi DESY
Ps-PilX, # 7 Z&EMiEdk% N5, Z0OZen 56, Hikh
FRENZEHTEENOEELT L LTZLALIRDL K&
WZ LIS,

PEXD, BAtifghr, £HET 2 MIBWTET T A %
EbBEEIZB L, 2235 PAIC X 35 ENHR A 4 5 2
DERERIZE > TERNGELTUEDEZEPHE ML
Ko7,

(b) 1/3-octave sound intensity map

Fig. 177 Beamforming

(a) Image of set-up

€2 (@)

(b) Noise distribution within vehicle cabin

Fig. 18 Spherical beamforming
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Fig. 19 Differences in sound spectra
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B2 HENE T IAL L 25NN DGR 2258 &
RHEDHGRORTEA BT -72. DR, FN~ A
207 x Y OEEBIRO OAMEIZ I 1) 52T E DO 5-H1T
#993% & 70, SRS TIRRIA IR A ) & i L
TRENEN XN TH S Z & 2REL 7.

F7z, FHETOT7OY VA4 FH T 2IZET 5, KT
TIZEE), 575558 6 HEE & B SMl RS A, HE
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