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Style and Design for New CR-V
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ABSTRACT

The CR-V has been redesigned under a new
concept—“Premium Smart SUV”’—combining the
toughness of an SUV with the quality and sophistication
of a passenger car, all without sacrificing the
functionality of the classic CR-V. To achieve this, we
have drastically redesigned the exterior of the new CR-
V based on the concept “Dynamic & Emotional,” giving
it a combination of dynamic sporty forward cabin and a
rugged lower body that emphasizes large wheels. The
concept for the interior of the redesigned CR-V has been
given the name “Quality & Toughness,” and like the
exterior aims to provide the vehicle with a tough,
functional and driver-friendly SUV design with the
refined space of a safe, exhilarating passenger car. By
optimally merging these concepts to build the newly
designed CR-V, we have created an SUV that is fresh
and upscale.
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ABSTRACT

The new ASIMO has been developed to enhance the
robot’s ability to function autonomously in real-life
environments (offices, etc.) and its physical capability.
The design concept for the new model is “Advanced
functions for increased usefulness.” The orientation of
the development was decided while comparing different
prototypes constructed to focus on “advancement” and
“friendliness” respectively with the current ASIMO.
Designers and engineers collaborated from the initial
stages of development in design work using three-
dimensional data. The fine-tuning ASIMO’s dynamic
status using computer graphics (CG), and the robot’s
presence using mockups in actual spaces, have enabled
the achievement of a superb “harmony” between design
and mechanical features. The resulting design enables the
incorporation of new functions while retaining ASIMO’s
“friendly” image.
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Development of 1.8L Flexible Fuel Vehicle System for 2007 Model Year CIVIC for Brazil

I N = S (= o iy hoE T O

Ryoji SAIKI Susumu NAKAJIMA Hiroaki NAKASHIMA

= K fERER* i 75 AT* fEvaERE  F o —*

Kentaro MIKI Hideyuki OKI Yoichi GORYOZONO
2 B ABSTRACT

Honda I 7' Z )LD it = — XIS L 7z Flexible Fuel
Vehicle(LLF FFV)/H 1.8LVTEC 4 K& ¥V ERFEL
fo. R IVVEAVI BXULE /=), £lE&EOWN
MR HEAHIGOMRTE iz e L I 5HkREZ G 5.
IV VURKICODOWTIE VTIECIC KB/ T RA 2T D
olt, ERMLLOZEFEFRICK D, 75 YIVOBENE Uz
TLEEET B L LB, BRREMCOVWTIE, T2/ —)V
DIt B2 E & LT mklz i LT 7 2 2 Vil oxts
BB hol. ARTE, MTYYUOERMEE, BRUR
FHEAICDOWTHENT 5.

Honda has developed a 1.8L VTEC 4-cylinder engine
for a Flexible Fuel Vehicle (FFV) that meets the needs
of the Brazilian market. This engine has a function that
enables it to be run on either gasoline or ethanol, or on
both fuels mixed in any ratio. Engine specifications that
are suitable for Brazilian fuel were selected by
optimizing the valve timing using VTEC and changing
the compression ratio. For the fuel system parts,
materials with ethanol corrosion resistance were chosen
and applied to the Brazilian market. In this paper, the
performance achieved by this engine and the applied
technology are described.
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Table 1 Fuel properties
EO E100
Heating value (MJ/Air kg) 2.95 2.99
Octane number RON/MON 93/81 110/92
Stoichiometric air fuel ratio 14.6 9.0
Latent heat of evaporation
(kJ/Air kg) 30.2 101
Boiling point (°C) 25-200 78
Theoretical air fuel ratio
(Volume after carburetion) 434 14.3
Ratio of the number of moles of 107 114
combustion before and after : :
BAEMEIRIC DWW T

Table 11 EERRIOREWIEIRZRT. TIINVT—HK
%tﬁﬁbfw%%ﬂ&bfdﬁV$—w,ﬁi@ﬂmﬁ
LRI T 2 ) — )L NI B ORI 5 T
&@ﬂﬁtbf%ﬁ&/m# W(RON110) T ERBIF BN
3. FNCK D ERLE B S C EMTATREL I T8, BB
RO EAWRADS. K, BERIMHOEE, L0
MBI, HEABDEK NCEZBEDEKTR, BLURKTEH
RN &I K B REEEIMESR T A3 ) 7 ¢ FIHEN
5.
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Fig. 1 R18A FFV engine

Table 2 Engine specifications

2006 2007
Gasoline engine FFV engine
Fuel E20-E25 E20-E100
Cylinder configuration | In-line 4-cylinder | In-line 4-cylinder
Bore x stroke (mm) 81x87.3 81x87.3
Displacement (cm?®) 1799 1799
Compression ratio 10.5:1 11.5:1
SOHC i-VTEC SOHC i-VTEC
Valve train Inlet delayed 1 intake valve
closure inactive
Number of valves 4 per cylinder 4 per cylinder
Valve diameter | In- 32 32
(mm) Ex. 26 26

(BRI &b B T/ E et
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| Main fuel tank |
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Sub fuel pump | >

Fig. 2 Overview of CIVIC FFV fuel supply system
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Fig. 4 Fuel injector for FFV
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Fig. 5 Sub fuel supply system

Table 3 Material for main fuel system

Parts Gasoline engine FFV engine
Valve seat SUS440C Pass/-i\\;rast%ﬁ film
Needle valve SUSA40C | paeenioot o
Foroor | Needie val SUS440C
injector eedle valve
: stopper SUS440C Passivation film
K-M62F
. PB Passivation film
Sleeve K-M35FL K-M62F
JSH270C
Delivery pipe Electroless Ni-P SUS304L
plating
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Fig. 7 Relation of ethanol concentration to ignition
timing, charging efficiency and engine torque

Table 4 Comparison of engine power for ethanol and

gasoline
Ethanol Gasoline
Output power (kW) 107.6 103.6
Max. cylinder pressure (kPa) 7100 6910
Max. cylinder temperature (K) 2430 2620
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Fig. 8 Comparison of cylinder pressure and
temperature for ethanol and gasoline
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Fig. 9 Engine performance

Table 5 Engine power

Ethanol Ethanol 22%

Gasoline 78%
Max. power (kW/rpm) 103/6200 102/6200
Max. torque (Nm/rpm) 174/4300 172/5000
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Table 6 Comparison of MBT after cold start and
after warm-up

MBT BTDC (deg)
Intake pressure (kPa) Tw=80°C Tw=10°C
Ta=25°C Ta=—10°C

-60 25 30

-13.3 10 25

NEOT RNV RAT S, ThIKEOMEZ ST % EH
DS DRAEEME N 728, FHAIC A LU B
RS 5 NR VD TH 5.

4.4.3. BRI

TR — UBREME FH I D i LD RIS D O & DI HAS)
BERICEAMELEZB R 5E0D 5. Z OO
& LU TEAMEERITRIO MV Z5HI LTz, Fig. 111U

150
1 intake valve
~ 100
1S
<
e s0f uisiire]
O
5]
[ ok
2 intake valves
_50 1 1 1 1
0
©
o
= 20
<
>
@ -
g -40
3 Engine speed : 1500 rpm
_;cs -60 Excess air ratio: 0.9
= Twin :0°C
£
'80 1 1 1 1
0 1 2 3 4 5
Time (sec)
Fig. 11 Comparison of torque during acceleration
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Fig. 12 Comparison of torque during acceleration
between 1 intake valve and 2 intake valves
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Table 7 Emission standard

(g/km)
Stage CcO NMHC NOXx
PROCONVE L-4 2.0 0.16 0.25
PROCONVE L-5 2.0 0.05 0.12
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Fig. 13 Achievement of exhaust emission

9. IR/ —IVIEENEWNE E, TR K CHRENERIC
V) TR U TEL OBRIENEL L T % 1251, NMHCO
BB Z R HEAERT.

7. HEHE

ERHFED FFV TV VT IVIVTHRENS CIVIC
ICHREN, VTEC & @ik EERORHRIENC & © 2RI
OFIEE LI vy g VIEREEMILL, HYHDREVWTH >
BT H S SR L Tz

ABAFEE, SBMILENATI vy g VL, BXUE
HRTEANIGEL TWABILE ) — VESREICH LT,
HEARE 2B LTz LS L TWVD. S14ld, 5%k
ZYEZEAQT, HiEB X TRHROEEICIRA 5N5 &R
BRI —F LA VORFEZEEL TV E D

BE

(1) FiHER], AR R RERERIR AT A S5 35 e
HONDA R&D Technical Review, Vol.9, p.17-24

(2) FHEEL, WAREAN, KFREME, ILAMF : CIVIC GX
F 17LCNG Y DFA%E, Honda R&D Technical
Review, Vol.14, No.1, p.49-56

(3) HhEite, ki, JEOE, MukEE, hESEH,
FEVDPE L B! CIVIC GX F 1.8L CNG T2/ ¥V DB%E,
Honda R&D Technical Review, Vol.18, No.2, p.116-124

(4) Wk —17, ZHEY, BEdsl, PREE, BaEfrE, B
B DR CIVIC ] 1.8LIVTEC T2 YV DR,
Honda R&D Technical Review, Vol.18, No.1, p.8-15

o "

SRMEARER

=

il a e o —

moFH AT




https://doi.org/10.69239/hondatechnicalreview.2007 19 1 4

BtiE T

HE! [BFOO] A& DRIFR

Development of New BF90 Outboard Motor

5O & e foBH shx BEOAN 77 HIF
Hajime YOSHIMURA Akifumi FUJIMA Masanori TSUBOUCHI
(2O I TN VNI T =
Tomohiro MIYAUCHI Toru KIMURA

E EF ABSTRACT

EITHEREN LB X BB LICE A2 E E, Honda 4 X
ko — 7 RIS BFOO D 7 IV ETIVF = VR T Te.

2006 fEE7)L#H BF90 Tl, SOHC-2 A7 —3 VTEC
BXU 2 RPN HIENR BB ORK, 1>V 7—r~=
FR—IV RRILT YA L 2 Pix EOERHETTORKIC KD,
BT BFOO I HEREEHIT (KW/L) % 13%1) U7z, o
FEOMEOBTFZERL, O, Y Efnict—7 21—
8= AN & O RE 2 BT BFI0 IS L 20% M LD
D, 2008 0D CARB L3 v g VIHHIFBXU 2006 ¥t
ML 7 L—y gtV ro5 7 MaaltlcwEs Uk,

Fie, FVYr—ARIROBIIS X 0k ER L, 5¢
R E R OB E G ETEREZm L. TV
T oI R— MR UTER T, BT BFYO 1INt
L 0—200m fim#iE 0.9 MWiEkEL, mE#TE 4.6 km/h
o kLo

Honda has developed an all-new mid-sized outboard
motor in the 4-stroke outboard motor series, the new
BF90. Development of the new BF90 stressed
enhancements to operating performance and fuel
economy.

The new 2006 BF90 uses a SOHC 2-stage VTEC and
a dual independent circuit control cooling system. With
refinements to the intake system general specifications,
including the intake manifold and air silencer, this
outboard motor achieves a 13% higher specific power
(kW/L) than the current BF90. Fully considering the
ways in which outboard motors are used, an open-loop
lean burn control system, which uses oxygen sensors,
was adopted, raising fuel economy by 20% over the
current BF90. At the same time, the motor complies with
2008 CARB emission regulations and the 2006 European
Recreational Craft Directive’s regulations.

Modifications to the gear case shape have reduced
water resistance. This, combined with a reduction in total
motor weight, has enhanced operating performance.
When used with an aluminum fishing boat, this new
BF90 motor achieves 0-200 m acceleration 0.9 seconds
faster than in the current motor, and a maximum speed
that is 4.6 km/h higher.

1. [FC&IC

HEOMIETIRICIBNT, Whid3, FRlY S 2 LI
N5 37kw(G0 BIDLLE 74 kw (100 577 LUF Ot
BN EDZEER, W18%THY, BRI L T TE
(2005 /%, Hondafi\) &7x%. DU T Ak, REDM
W, REEGROEE 0D, RGO &I EGRIC
LTV,

Honda (&, 1995 fEiCF+ 7 L X ET /LD BF75/90 %%

K FUHBF > 22—

Fe LT, &lnl, Bk L IREDE S 2 BT BFIO KL LD
LANVTCHEBLU BT, &bk KOETTESURIc &
BETMEEER L LT a—ThA Ve v a vETIV
(CUF FD#HL BFOO 7ZBAFE L7z,

STV A iE, BF225, BF150 CHRADA > 75 1L —
T RIA U EWEEL 7z Wing Form Z##& L, Honda
KB D T A >S4 T TR E 2. Fig. 11
NG EZRT.
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Fig. 1 External view of new BF90
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1Fo =458, BifT BF90 @ 1590 cm? 2L 1496 cm?® &
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3.2. M&EDM L

321 V=Y N—=VICKBEREDRE

¥ BFO0 T% BF150 [AkE, ([KABEDHIBDIZH Y —
VN—=UHEZEEML TV, BF150 TR & 755
Linear air fuel ratio(LAF) & > ¥ 7% W\ 72 U — 28— il
OTHoH, FREIFIA NI THAZE O, ¥ Z W
oA —T ) =Nl L. chuc kD, E—
REAEII BT BF90 1Txf L 20%[n) | L7z (Fig. 3).
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Table 1 Specifications
Code name New BF90 L-type
Overall length (mm) 740
Overall width (mm) 440
Overall height (mm) 1570
Transom height (mm) 537
Dry mass (kg) 165
Engine type 4-stroke
L-type 4-cylinder
Displacement (cm3) 1496
Bore (mm) x stroke (mm) 73 x 89.4
Compression ratio 9.7:1
Valve train SOHC VTEC 16
Valves
Valve number 4/cylinder
Maximum power (kW/rpm) 66.2/5800
(90PS/5800rpm)
Maximum torque (N-m) 127
Recommended engine 5300 - 6300
speed range (rpm)
Fuel supply system Programmed Fuel
Injection
Ignition system Programmed Ignition
(with Plug Top Coil)
Charge output (A) 35
Cooling system Water cooling
(with 2 thermostats)
Exhaust system Through propeller hub

10 kW/L

New BF90

Specific engine output on propeller shaft

A

A

15 N-m/L

K\

Current BF90

S
Specific torque on propeller shaft

25 3 35 4

45 &5 55 6 6.5

Engine speed (x 10° rpm)

Fig. 2 Specific power and torque of BF90
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Fig. 3 BSFC in emission measuring mode
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Fig. 10 New BF90 ACG
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Fig. 11 Comparison of charging performance
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Development of Super Handling-All Wheel Drive System for SUV

5 N IE JR* N RO H B
Masahiro IMAMURA Yoshikazu KONISHI Masaki INOUE
E B ABSTRACT

LEGEND TSI U 7 B /1 BERIE S X7 L (LR
SH-AWD) Z iR — 2 & LC, SUVEICE Lz YT
T7Lyy)bazy ML cOUVYT I LY
X VA=Y MEIHERDSH-AWDICH L, & bIL7RRIE
C/NRIR R L R L TV B,

THULESEHBRHEICEDET, VYT I77 Ly vib
A=y MR B ERMREZHRET ST LT, HKT 2
F MV L e BRI BORICTNT VY A SR AR TH
%, ERTHEE LT, oEl o4 @D OREE, mp &
REEREZ WAL T 275y F, BIXUHZ T v FERxkEcd
VB NVT BT IF a2V L /A R)BBFENS.

A rear differential unit suitable for SUV vehicles was
developed based on the super handling — all wheel drive
(SH-AWD) unit that was mass-produced for the
LEGEND. This newly developed rear differential unit
has a higher torque capacity and is smaller and lighter
than the previous SH-AWD. Redefining the demanded
performance of the rear differential unit, according to the
characteristics of the vehicle in which it is to be used,
resulted in a balance of increased maximum torque and
weight reduction. To achieve the development goals,
selection of the optimal ratio (speed-increasing ratio), a
clutch capable of high p with low abrasion, and an
actuator that optimally control the new clutch were
mentioned.
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Fig. 1 View of newly developed rear differential unit
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Fig. 2 Cross-section view of newly developed rear
differential unit for RDX and MDX

Fig. 3 Cross-section view of previous rear differential
unit VTM-4
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Development of POP-UP HOOD SYSTEM
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AT L DEZERC, T— RO®%EERL FFTmr Y
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A% RS % POP-UP HOOD SYSTEM ZBHF L 72.
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ABSTRACT

A POP-UP HOOD SYSTEM has been developed to
help reduce the severity of head injuries to pedestrians
in pedestrian-to-automobile accidents. The system
operates by lifting the rear portion of the hood upon
vehicle collision with a pedestrian, therefore increasing
the clearance between the hood and the solid components
underneath the hood, such as the engine. This system,
which is being used on the new LEGEND model,
enables the automobile to have a lower styled hood and
thus a sporty exterior design, while enhancing safety
features in line with the European pedestrian protection
regulations that took effect in 2005.
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ABSTRACT

This paper describes the development of
magnetorheological (MR) dampers and their application
to the 2007 model year MDX. MR dampers have been
used in the market on various vehicles since 2001. They
use a special oil-based fluid (Magnetorheological fluid,
MRF) that contains small iron particles (1-10 pm in
size) and a controllable electromagnetic piston to allow
a wide range of damping forces. The system provides
the customer a benefit over conventional dampers by
using its wide range of available damping force to
enhance body control while simultaneously providing
outstanding ride comfort. This technology was
implemented on the 2007 model year MDX under the
name Active Damper System (ADS). The ADS system
uses Honda-exclusive control logic that precisely controls
damping force via skyhook, roll, pitch, and several other
algorithms. The result is a vehicle with a higher level
of both ride and handling performance that leaves all of
our customers more satisfied.
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1. Introduction

Magnetorheological (MR) dampers have been in the
automotive market since 2001. The key component to
MR dampers is a special Magnetorheological fluid
(MRF) that consists of damper oil with approximately
20% pure iron particles that are 1-10 p m in size. Some
of the early shortcomings of MRF that included
sedimentation and long-term viscosity variation have
been completely resolved by special additives being
incorporated in the fluid"”. Honda investigated ADS
technology and enhanced its overall vehicle performance
and durability through electrical, mechanical, and control
design.

The base structure of the MR damper is similar to a
monotube damper except that the piston valve is replaced
with an electromagnetic piston core that is then
connected to the Electronic Control Unit (ECU) via an
external electrical connector. This connection structure
has been the detriment of MR dampers in the past and

* HONDA R&D AMERICAS INC. OHIO CENTER

has been enhanced during the development. Changes
were made to the damper’s internal structure to increase
maximum damping force and to its external structure to
increase robustness to electrical connectivity and oil
sealability.
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Fig. 1 Active Damper System targets
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ADS ECU

Vertical G sensor

MR shock <
dampers

Wheel stroke
sensors

Yaw & lateral G
Wheel speed sensors

sensors

Wheel speed

ADS mode
switch

Vertical G sensor

Brake
pressure
sensor

-

Wheel stroke
sensors

MR strut dampers

sensors

Fig. 2 Active Damper System components

The target of ADS was to enhance ride, handling, and
overall sprung mass motions without compromise. In the
end, two distinct settings of ADS were developed to
accentuate the uniqueness of the system. Sport mode was
developed to maintain the ride levels of the base 2007
model year MDX with conventional dampers and
enhance handling to best-in-class levels. Comfort mode
targeted base 2007 model year MDX levels of handling
and class-leading levels of ride comfort. Figure 1
describes this concept.

2. System Overview

ADS consists of four wheel stroke sensors, three
vertical acceleration sensors (G sensors), a combined
yaw and lateral acceleration sensor, four MR dampers,
and an ECU as visualized in Fig. 2. In addition, ADS
communicates with the VSA system to determine vehicle
speed and brake pressure. The output of each sensor is
used by the control logic in the ECU to precisely
determine the appropriate damping force required at each
MR damper in order to achieve the desired level of lift,
roll, pitch, and road input isolation for the vehicle.

3. MR Damper Construction

The 2007 model year MDX suspension is set up with
front strut-type suspension and rear multi-link trailing
arm-type suspension. In order to package the monotube
structure of the MR damper in a strut, an inverted
monotube strut is used. The rear MR damper uses a

monotube shock. Figure 3 shows the details of the MR
damper internal structure.

Unlike a conventional oil-based damper, the MR
damper piston does not utilize a valve structure of
deflecting disks and springs. Instead, the MR damper has
a simple structure consisting of a piston outer ring, an
electromagnetic piston core and two piston plates which

RR shock MR damper

FR strut MR damper

Electrical connector

Free piston

Rod guide and
oil seal

MR piston core

Rod guide and

Electrical connector

Gas column

Fig. 3 MR damper construction
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set the piston core concentric with the piston ring making
a constant annular gap. It is this annular (radial) gap that
defines the damping force characteristics of the MR
damper. These structures are shown in Fig. 4.

Reference® detail how an MR damper can vary the
damping force versus velocity characteristics by applying
a range of 0 to 5 Amps of electrical current to the
electromagnetic piston core of the damper. When the
damper is in its off state (no current applied), MRF flows

MR damper piston

Piston outer ring

Piston core

Piston plates

Annular gap

Piston ring

Piston body

Deflecting discs /| .~

springs

< = = Compression flow
===sp = Tension flow
<4—p =Bypass flow

Fig. 4 Conventional damper piston valve versus MR
damper piston

Off-state
MR fluid

through the annular gap in a laminar state. When current
is applied (on-state), the electromagnet builds up a
magnetic field and creates magnetic bonds with the iron
particles aligning within the annular gap. This effectively
increases the viscosity of the fluid moving through the
orifice, increasing the amount of damping force the
damper produces. Higher levels of current will further
increase the strength of the bonds, raising the fluid shear
force and subsequent damping force. The shearing
occurs in the walls of the annular gap where the stress
caused by the motion of the damper is greater than the
yield stress created by the magnetic bonds. The area
between the shear walls flows as a plug of magnetically
bonded iron particles. This is called the MR effect and
can be seen in Fig. 5. The MR effect only occurs at
the ends of the piston where the magnetic flux vector is
perpendicular to the annular gap. Varying the current
applied to the electromagnetic piston core varies the flux.

The ability to change damping characteristics on
command is what separates the MR damper from a
conventional damper. An MR damper responds more
quickly than other semi-active and active damper
systems with a response time of less than 5 milliseconds
as compared to 10 milliseconds or more for other
controlled systems and conventional dampers. The wide
range of damping force available coupled with quick
response time allows the vehicle to achieve simultaneous
good ride and handling without the compromise that
must be made when tuning the single damping force
characteristic curve of a conventional damper. Figure 6
shows a comparison of a conventional damping force
curve to that of an MR damper.

Within this characteristic curve, an MR damper can
be tuned by two methods. The annular gap previously

(Iron particles are randomly dispersed)

Gap wall

Annular gap

Gap wall

On-state

MR fluid
(Iron particles are aligned)

Gap wall

Laminar flow

Shear layers

(Shear stress > Magnetic bond yield stress)

b

Annular gap

Q

Gap wall

VVYyVYYYVYYVYY
Magnetic field

Plug flow

(Shear stress < Magnetic bond yield stress)

Fig. 5 MR fluid off- and on-state flow
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described can be varied. A smaller gap will increase the
peak damping force available; conversely, a larger gap
will decrease the peak damping force. Within the piston
there is also flow through an orifice inside the piston that
does not see the magnetic field. This flow is called
bypass flow. Varying the size of this orifice modifies the
slope at which the damping force curve reaches peak
damping force and off-state damping force
characteristics.

Increased damping force was required for the 2007
model year MDX program over the current available
capability of MR strut-type dampers in order to impart
the SUV Platform with the desired level of roll control.
Having already reduced the bypass lower than any other
MR damper in production or test, the internal piston core
bypass holes were removed, effectively filling them with
the base steel of the core. This allowed more magnetic
flux through the core and thus higher levels of damping.

The electrical connectors were also a focus for
enhancement. On-vehicle connector vibrations were
measured and modifications were made to the connector
structure in order to enhance sealability in these
conditions. The strut connector added three bolts and
molded-in sleeves in order to maintain seal compression

Conventional
damper

Honda MR damper

Handling
control

Ride comfort
—-2000 control

Damping force (N)

—4000

Piston velocity
(m/s)

Fig. 6 Typical MR damper force versus velocity curve

B plus Ground
terminal terminal

Molded-in
sleeve  RR shock connector

B plus
Lips on terminal

seal

Bolts

Ground
Terminal

FR strut connector

Fig. 7 Honda strut and shock MR damper connectors

over life. The rear connector seal structure was enhanced
by adding lips and separating the ground and positive
terminal seal structures. These changes are highlighted
in Fig. 7.

4. ADS Control Logic

The basic theory for flat ride control of ADS control
logic is skyhook suspension control. Skyhook control
theory is visually depicted in Fig. 8. This well-known
suspension concept applies damping force in a model
that treats the sky as a fixed body with the damper C,
between the sky and the sprung mass of the vehicle. The
excitation force comes from the road surface through the
tire with stiffness K, the unsprung mass, and the vehicle
suspension of stiffness K, and damping C,. Thus, the
sprung mass motion can be controlled by the damping
force provided by the damper connecting it and the fixed
sky. In ADS, this control logic is taken to further
understanding where the damping force can be controlled
Cs in order to reduce sprung mass movements and thus
flatten the ride of the vehicle for the customer.

In addition to skyhook control, ADS implements roll
control logic, pitch control logic, and unsprung mass
control logic. Reference® describes.

the unique feature of the roll control logic in that it
takes into account ride isolation while reacting to vehicle
yaw and lateral acceleration response to firm-up the
dampers and counteract roll. ADS implements this
concept as a method that targets a roll control
proportional to the lateral acceleration differential value
of the vehicle. Figure 9 shows the block diagram of
ADS control logic.

The vehicle inputs are converted to damper current
values by ADS control logic in the following procedure:
(1) Vehicle sensor inputs are interpreted by the body control

logic (skyhook, pitch, and roll) after the derivative and
integral processes have been completed on the sensor
outputs

Basic skyhook theory ADS skyhook theory

Fixed sky

Sprung mass

Fig. 8 Skyhook suspension control theory
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Vehicle sensors
Via A/D

Vertical G
(qty. 3)
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integral process

Vertical G
velocity
Damper velocity

Wheel stroke
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Via F-CAN

ADS control logic

Select “Comfort /
Sports” by mode
switch

Body control logic

Skyhook control

Pitch control

Roll control

Longitudinal G :

Actuator output

Low pass filter
for noise
control
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Unsprung mass
control

mass control logi

PWM control

Feed back
feed forward
current

Current high
value selected

Damper output
current (qty. 4)

Fig. 9 Control logic block diagram

(2) The highest damping force is selected from one of the
three body control algorithms

(3) Damper target current is looked up in the damping force
map to match the high-selected damping force from
the body control logic

(4) The target current is then run through a low pass filter
for noise control

(5) If required, unsprung mass control logic adds current
to the target current in order to modulate aftershake
and other unsprung mass incidents

(6) The target current is then compared to actual damper
current and an adjusted output current is given to each
damper

5. Vehicle Performance

The large range of damping force allowed by the MR
dampers combined with the derivative control-based
algorithm allow for a very wide range of ride and
handling tunability. In order to appeal to the broadest
possible range in consumer tastes, two driver-selectable
damper modes were developed: “Sport and Comfort.”
The goal of the selectable mode is to allow the driver
to tailor the ride comfort and handling of the vehicle to
their mood or driving condition and broaden the overall

appeal of the 2007 model year MDX by reducing the
ride-handling tradeoff that occurs with conventional
damper tuning. Changing between the modes is
accomplished using a two-position switch mounted on
the console. The ADS operating mode is relayed to the
driver via an indicator on the mode switch as well as
through a message that is displayed on the combi-meter
MID display for a short time, each time the ADS mode
is changed.

Comfort mode and Sport mode operate using the
same sensor inputs, algorithm, and damping force look-
up tables. The ride and handling differentiation comes
from higher Sport mode gain settings for the roll, pitch,
and skyhook portions of the algorithm. These higher
gain levels result in a higher commanded current for a
given maneuver in Sport mode versus Comfort mode.
The higher commanded current gives higher damping
forces, yielding highly controlled roll, pitch, and heave
motions. The highly controlled body motions in Sport
mode have the added benefit of enhancing load transfer
during transient maneuvers. Faster load transfer results
in less delay in tire force build up, helping the vehicle
to respond more quickly to driver steering and brake
inputs. The net result is that the vehicle has a more
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Roll feel

California choppy ride

= = = = 2007 MDX

2007 MDX ADS
Comfort

2007 MDX ADS
Sport

Handling response

Impact harshness

Secondary ride

Pitch / Dive

Line traceability

Primary ride

Fig. 10 ADS vehicle performance achievement

nimble, agile feel in Sport mode versus Comfort mode.
The higher damping forces also result in a small decrease
in bump isolation, though ride levels are still
significantly better than that of a conventional non-MR
damper sport suspension. Decreased isolation actually
has some positive benefit in that it differentiates the
Comfort and Sport modes and provides the driver with
an increased, but not annoying, level of tactile feel.
Overall achievement levels of both the Sport and
Comfort modes can be seen in Fig. 10 as referenced to
the base conventional damper.

The Comfort mode uses the same algorithm as the
Sport mode but lowers the gains and resulting damping
force to allow the sprung mass to have a more relaxed,
isolated road feel. Roll, pitch, and vehicle heave
motions are tuned to be closer to that of the conventional
suspension vehicle and the result is a level of ride
isolation that exceeds the capability of a conventional
mechanical damper. To take full advantage of the
damper capability and maximize Comfort mode ride
isolation, the spring rates on the MR equipped vehicle
were decreased by about 18% versus the conventional
damper springs.

6. Conclusion

Having focused on the limits of MR damper
capability, extensive investigation, testing, and tuning
have provided the following results:

(1) A unique MR damper with enhanced damping force
capability and durability through changes to the piston
core, electrical connectors, and sealing systems.

(2) Combined with the enhanced MR damper and a two-
gain mode algorithm, a vehicle that can exhibit traits
of both a ride comfort-tuned and a sport handling-tuned
suspension without typical tradeoffs.
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Sensor Calibration Technique and Check Method for Active Damper System
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2 B ABSTRACT
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An active damper system is an electronically
controlled damping force suspension system. Technology
for calibrating the sensor of this system and a method
of checking its operation were developed. The wheel
stroke position is calibrated when the wheels are moved
up and down by driving the vehicle over a bump, and
the operation of the sensors is checked simultaneously.
The sensors were calibrated and their operations were
checked within a few seconds without the need of any
dedicated equipment.
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Road Conditions and Engine Mount Displacement of Sao Paulo and Boston

B O Mz
Atsushi IIYAMA Hiroyuki YOSHIDA
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- = ABSTRACT
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This paper describes the displacement of the engine
mount when a vehicle was driven in Sao Paulo, Brazil,
and in Boston, U.S.A. The both areas were characterized
by large displacement inputs to the engine mounts. In
Sao Paulo, the input in the normal speed range was
larger than in Boston, and the frequency was about ten
times as high. Also, a large peak that cannot be
measured in other regions was found here.

This peak was due to the uneven roads and steep
slopes in Sao Paulo.
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(a) Brick road steep slope (b) Mixture of Brick road and asphalt
paving with high waviness

(d) Road surface at a drainage ditch in
intersection

(c) Large and wide drainage ditch with steep pitch

Fig. 1 Unique road surfaces in Sao Paulo

(a) Slightly distorted asphalt road (b) Many indentations on road surface by manholes

(c) Undulating road surface (d) Existence of streetcar track

Fig. 2 Unique road surfaces in Boston
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Fig. 4 Comparison of displacement between Sao Paulo
and Boston
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Fig. 5 Displacement of front and rear mount during
starting with squeal on steep slope in Sao Paulo
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Example of road surface where squeal occurs in irregular section

Fig. 6 Typical steep slope in Sao Paulo
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Fig. 7 Small car displacement of rear mount and
L-side mount during starting with squeal on
steep slope (up-and-down direction)
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Fig. 8 Front mount comparison of displacement
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Research on Extended Expansion General-Purpose Engine (Part 2)
— Heat Release and Brake Performance —

ER- - % G
Hibiki KOGA Sei WATANABE

Z 5

Y > R O TSN skt > 2 > DS &
UEIRICDOWVT, U 7 RifimZz bR E [ CRBE D 5 7%

BRI D LR LTz,

AT >V DRIRBGHRIE, 1R T D 29.6%
IZHL, 332%iC 9%, EALIERIHAOE X b 2l EE
WEHERINC LR UL, ZOEEMIEEIA OZLIXYE
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FTBHTEeMbholz. TDD, 757 HERETHIZR
HRKRFHO BRI 2210, 1R Y XD
INEV. EUKIRHHEEIC & R TR U 72RSR, e
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20.1%ICR L 13% 1M EL 22.7% &> 7z

ABSTRACT

The combustion and efficiency of an extended
expansion general-purpose engine employing a multiple
linkage system was compared to that of a conventional
engine consisting of the same component parts with the
exception of the linkage system.

The results show that this extended expansion
increases indicated thermal efficiency from 29.6% to
33.2%. In addition, as the piston speed near the
compression top dead center of this engine is slow, mass
fraction burned depends upon the change in the cylinder
volume with respect to the capacity of the combustion
chamber during the combustion period. The change of
the minimum spark advance for best torque (MBT)
timing relative to load is smaller than that of the
conventional engine. Brake thermal efficiency of the test
engine was increased by approximately 13%, from
20.1% for the conventional engine to 22.7%, under the
EPA mode with fixed ignition timing operation.
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Connecting rod pin
Piston pin
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Crank pin
Crankshaft

"
Pivot shaft Pivot shaft main journal

Fig. 1 Configuration of multi-link system
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Table 1 Engine specifications
Extended .
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expansion
Endine tvoe Air-cooled 4 stroke OHC
9 yp single-cylinder spark-ignition
Bore (mm) 64 64
Intake anq 421
compression
Stroke  (mm) 51.0
Expansion 63.3
and exhaust ’
Intake and 135
Displacement [cOmpression
3 - 164
(cm3) |Expansion 204
and exhaust
Combustion chamber 18.1 21.9
volume (cm3)
Compression ratio 8.5 8.5
Expansion ratio 12.3 '
Fuel Gasoline
Air-fuel ratio 12.5
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Table 2 Measured work and loss of each cycle

Extended .
expansion Conventional
Intake -1.2 -3.6
Work or ;
loss of Compression -34.5 —41.2
each stroke | Expansion 186.3 190.4
(J/stroke)
Exhaust —4.5 -2.9
Total work (Jlcycle) 146.1 142.7
Supplied Heat (J/cycle) 439.5 481.8
Indicated efficiency (net) 33.2% 29.6%
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Fig. 8 Volumetric change during combustion

4500 3060 rpm WOT

4000

3500 |-

3000 -

2500 |

2000

Cylinder pressure (kPa)

1500

1000

500 |

0
0 50 100 150 200 250

Cylinder volume (cm3)
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Study of Ignition Timing Control of Gasoline HCCI Engine
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ABSTRACT

Homogeneous Charge Compression Ignition (HCCI)
combustion is a method of combustion in which ignition
occurs without being dependent on the ignition of a
spark plug, unlike flame spread combustion. There are
many parameters involved in ignition, and it is a
challenge to control the ignition timing to an optimum
value. Accordingly, a two-part HCCI ignition timing
simulation model was constructed, with one part
corresponding to the exhaust and intake strokes that
determine the internal EGR and air intake amount, and
the other part corresponding to the compression stroke
during heat release by a chemical reaction. The results
obtained using this model agreed with the performance
test results. From the ignition timing simulation model,
a control algorithm was developed and applied to a 4-
cylinder engine fitted with an electromagnetic valve
train, and the ability to control the ignition timing to the
value corresponding to the demand torque in HCCI
combustion was confirmed.
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Table 1  Specifications of single cylinder research
engine
Bore x stroke (mm) 80 x 80
Displacement (cm3) 402
Compression ratio 15

Valve diameter (mm) Intake 27.5x2
x number of valves Exhaust

245x% 2

Fuel system Port injection
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Fig. 1 Ignition timing simulation model
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Table 2 Specifications of research 4-cylinder engine

Bore x stroke (mm) 75 x 90
Displacement (cm?3) 1590
Compression ratio 15

Valve diameter (mm) Intake | 30 x 2 (EMV)
x number of valves g4 ¢

24 x 2 (EMV)

Fuel system Port injection
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Fig. 12 Photograph of research 4-cylinder engine
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Fig. 13 Valve timing diagram of internal EGR HCCI
condition
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Thermal Management of Air-cooled Motorcycle Engines Using Forced Qil-cooling System
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ABSTRACT

Engine cooling substantially affects power output,
fuel economy, noise reduction and durability. Estimating
each engine part’s temperature in the early stages of
design is important in the development of air-cooled
motorcycle engines. In this study, engine temperature
distributions were obtained through heat transfer
coefficient calculations based on Computational Fluid
Dynamics (CFD). From the analysis, it was found that
by using air-cooling with a forced oil-cooling system, the
cylinder head temperature sufficiently decreased, and the
resultant temperature distribution was almost the same
as that of water-cooled engines. It was also found that
the temperature gradient among cylinders was
manipulated by controlling the cooling-oil flow.
Furthermore, heat loads were controlled as well, and the
knocking limit was also enhanced when the engine was
tested in a prototype motorcycle.
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ABSTRACT

A new metal substrate was developed to prevent the
migration of alkali metals which work as NOx
adsorbents and maintain a higher NOx conversion rate
after thermal aging. A higher NOx conversion rate was
expected after thermal aging because the metal substrate
contains almost no silicon (Si), however, the NOx
conversion rate after thermal aging fell below that of the
cordierite substrate. This was not due to the migration
of alkali metals to the metal substrate, but due to the
chromium (Cr) in the metal substrate migrating to the
washcoat and generating complex compounds formed
with alkali metals. To help prevent this migration, the
conventional metal substrate was heat-treated in air at
1100 °C to make an a-alumina barrier on the surface.
This newly developed substrate showed no migration of
alkali metals and almost no migration of Cr. When this
substrate was used, the NOx conversion rate after heat
treatment at 830 °C for 280 hours was 31% higher than
that of the conventional cordierite substrate.
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ABSTRACT

Honda Multi Matic S is a lightweight compact CVT
with a hydraulically controlled wet multiple plate clutch
(start clutch) used for starting. The start clutch is
controlled with the torque converter as a reference, but
the actual pressure is not sensed. This results in an issue
in which the start characteristics are affected by
temperature changes, age deterioration of the hydraulic
circuit, and changes in hydraulic pressure characteristics
due to process dispersion of components. Accordingly,
in this research, a hydraulic servo system was configured
in order to realize robust start clutch control with respect
to temperature changes in particular. The controllers
were composed of a two degree of freedom control
system. In the design of the feedback controller, u-
synthesis was used, and variations in characteristics were
actively taken into consideration.

As a result, the performance was enhanced,
particularly at low temperatures, and a roughly
equivalent rise time and overshoot rate were achieved at
both ambient and low temperatures.
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Fig. 1 Layout of start clutch
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Table 1 Result of DK iteration
Number of times 1 2 3 3
Order of K 7 11 13 13
Order of D 0 4 6 6
Y 1.563 0.941 0.922 0.940
n 1.451 0.941 0.922 0.939
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Development of Non-normalized Nitrocarburized High Strength Crankshaft

O B W & oAb
Tetsuya ASAI Yoshihiro TAKITANI
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Naoyuki SANO Hitoshi MATSUMOTO
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ABSTRACT

A non heat-treated nitrocarburized crankshaft was
developed by designing the material composition so as
to maximize the effectiveness of the strength increase
due to nitrocarburization. This crankshaft has a fatigue
strength that is approximately 16% higher than that of
a conventional crankshaft of the same material hardness,
while possessing the same workability and straightening
ability. Strengthening ferrite by adding a relatively small
quantity of molybdenum (Mo) gave the developed
material both high fatigue strength and excellent
straightenability. The mechanism of strengthening by the
addition of Mo is thought not to be the secondary
hardening due to the precipitation of molybdenum
carbonitride, but the formation of a Mo cluster consisting
of several atoms during the nitrocarburizing process. This
results in a greater strengthening effect compared to solid
solution strengthening, thus contributing to higher yield
strength. It was found that compared to the conventional
high strength crankshaft, the elimination of the
normalization process and so on reduced CO, emission
during and after the hot forging process by
approximately 22%, and costs by approximately 8%.
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Table 1 Chemical composition of Mo-added and Mo-free steel, in mass %
C Si Mn P Cu Ni Cr Mo Ti N
Mo-added steel | 0.35 | 0.21 | 0.76 | 0.016 0.01 0.02 0.08 0.16 0.008 0.0180
Mo-free steel 0.41 | 0.19 | 0.58 | 0.014 0.01 0.02 0.06 0.01 0.009 0.0190

600°C for 2 hours

Table 2 Variation of mechanical properties of Mo-added and Mo-free steel, before and after heat treatment at

Before 600 °C x 2h After 600 °C x 2h
Material Trensile Yield point | Elongation Yield ratio Trensile Yield point | Elongation Yield ratio
strength (YP/TS) strength (YP/TS)
Mo-added steel | 668 MPa 387 MPa 23.2% 0.579 658 MPa 402 MPa 23.2% 0.611
Mo-free steel 676 MPa 352 MPa 22.4% 0.521 653 MPa 340 MPa 22.8% 0.521
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4.2.2. APFIM FEFREER

Fig. 9 i& 600°C X 2h OEMILEEZ I T 75 -7z Mo Zahn
DFIMETH 5. I D LR WO > M5 X b (K
HOOHD A, BUWUERTE D &2 {FET REMDP RSN
7z. ThHIE Mo DU TAREEZENT-.
FIMBIZERSEMIC BT, BHEK D & 8RB NRE D5
WEBTLEMEE L T Z1F> Tnd &, ERZARD
B ORMEFE 7N EICBREHKT 5. ZOTDHTHY
WFEARERHEICHEFE LT A0, ZOTy VRRICK DT
HARFDERA A MNEDBEHRISEC DX DI1CES. £
DFER, TOFWIHEFKL D LS BRI NG T Lick
L. Fitt&k 069 - LN HERTTHED I TARXTE, [H
CEoEmT el 5.

FIM image (50K, 1 x 10 Pa Ne) on
channel-plate/phosphor screen

High voltage pulse (pulse ratio 0.2)

Needle-shaped YQ --7 o
specimen (50 K)
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&
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Time-of-flight (ToF) mass analyzer
(<8 x 108 Pa UHV)
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(Probe hole)

o O

Channel-plate
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Fig. 8 Schematic diagram showing principles of atom-probe field ion microscopy (APFIM) and analyzing condition

of present study
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Table 3 Chemical composition of developed and conventional steel, in mass %

C | si|[Mm]|P s o [ M| N Ti|Pb
high?se{‘r’;%‘fﬁiteel 0.37 | 0.20 | 0.82 [0.015 | 0.07 0.16 |0.015 | 0.01
Sonventional | 040 | 0.25 | 0.52 |0.015 | 0.05 0.015 | 0.01
Conventional

high-strength steel | 048 | 0.30 | 142 [0.015 | 005 ) )
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WIIHIZRLIR D o-Fe N, & W o T R E L O AT I AVE
WEINBDHRTHoTz. Tz, TDXIE Mo DT TAR
MRS % Mo BN DORE(LBDORMHEETD N RE
&, Fig. 13 1R d & 51C, Mo AN T & % EEdERf I Lt
XRTCEWT ERbhoTz.

Fig. 12 Transmission electron micrograph taken from
diffusion layer of developed steel containing
0.2mass% Mo, after nitrocarburization
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Fig. 13 Nitrogen content of steel after nitrocarburization
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Fig. 14 Schematic illustration of Mo clustering
process during nitrocarburization in
developed steel
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Table 4 Bending fatigue strength and strain for
cracking of crankshafts
(Conventional standard crankshaft = 100)

Bending fatigue strength Strain for cracking
Developed HS 116 90
Conventional STD 100 100
Conventional HS 113 73

400 T T
® Developed crankshaft

350 < A Conventional HS B
— AR | o Conventional STD
% 300 “Q‘D
= ) .~
2 250 O\‘\"\ g x
% O PN S ﬁ""ﬂ _____ zr
= — o
K 200 ~ *—

150

100

0.0 0.2 0.4 0.6 0.8 1.0

Depth (mm)

Fig. 15 Hardness distribution of crankshafts

Developed HS

Conventional HS Nitrocarburization

T T
Normalization ~ Machining

CO; emission

Fig. 16 Comparison of the total CO, emission and
its constituents during production between
developed and conventional high-strength
crankshafts
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Development of Piston Surface Treatment for Internal Combustion Engine

(AN I YN
Kentaro SUGIMURA

E 5

WIABBIH E X b+ > 27— MOz B & U, it
FEFEPEDENMET VU 7 g R 2 T LTz, it
KOETV 7 arya—rlE, SHIZE)TTVED
EATRERID, HOME, B BRI TRV S
v arveRBT S0, RERHICHT % ERERNROMEF X
WrscEahote. REGNE, F VRSN RZ2HS % il
JEMBIC K 0, TR 5 I EEREMEZ M L LDD, #)
40% DTV a VT 5EDTH%.

KB ERICBOTE, EA MRS L8R Z G
HULIzEDTHY, KR LR 22w, MRE
BIZT TRBICYIDEADARETDH 5.

ABSTRACT

Low-friction surface treatment technology that
provided high wear resistance was developed for the
piston skirt of an internal combustion engine.
Conventional low-friction coating materials consist of a
solid lubricant, such as molybdenum, and the
effectiveness of performance was not expected to be
maintained for a long time because lower friction was
realized by self-lubrication, wear, and abrasion. The
newly developed technology uses a high-strength film,
which has an oil adsorption effect, enabling friction to
be reduced by about 40% while increasing wear
resistance about 5-fold as compared to conventional
coating materials.

Concerning productivity, because this technology
employs piston spray painting technology, the new film
can be applied by simply replacing the material without
any need for special production equipment.
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Fig. 1 Piston surface treatment
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Fig. 3 Dynamic friction abrasion testing machine
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Fig. 5 Oil adsorption effect and friction

Table 1-(a) Engine specifications

Type Air-cooled 4-stroke OHC single cylinder
Cylinder Aluminum cylinder

Bore x stroke 64 x 50 mm

Displacement 160 cm?®

Compression ratio 8.5:1

Lubrication system Forced splash

Table 1-(b) Test condition

Engine speed 3600 rpm

Throttle Wide open throttle

Fuel Regular (Density 0.7304 g/cm?®)
Oil API SJ SAE 10W-30

Oil maintenance Upper to lower
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(a) SEM image of piston surface

Surface coating

Intermediate coating

Piston surface

(b) Cut image of piston surface

Fig. 6 Image of piston surface
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Table 2 Engine durability test result

Conventional coating
§ 7 R R

New coating New coating

B N

Piston surface

(Thrust side)
Operation time 20 h 20 h 150 h
Quantity of abrasion| Worn out (Coat 15 um) 4 um 6 um
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Power (kW)
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Engine speed (rpm) x 10

Fig. 7 Power curve
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Research on Optimization of Viscoelastic Properties of Tire Tread Rubber
to Reduce Rolling Resistance and Decrease Braking Distance

KK HEZETH 6 I I A

Emiko MOGI Tetsuya MIZONE
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Hiroyuki HASE Koji NISHITANI
Z B ABSTRACT
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CNSOMREE MLy FRILOMREIC K 2 L TANKEL,
WV &2 7o I3 I L ORGSR D —HS R IEREZ 7T
k9 % END%.
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i 2E B AT 2 FEEIC B SR, RIERHCE 2 Y R Ly
R festhig 1A O Wil I LOMERER SR E <, EHIE
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CORRPLIEI N Ly REEZERL, TNENOEL
ICREHVERFE 2 Sl e L 7e J L2 A U, D2
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The achievement of reduced rolling resistance and
lower braking distances is important in terms of
automotive fuel efficiency and safety. These goals are
strongly dependent on the performance of the tread
rubber used in the tire, but are contradictory in terms of
viscoelastic properties, an issue which needs to be
addressed if these goals are to be satisfied
simultaneously.

The research discussed in this paper involved
analyses of the behavior of the contact patch of a
vehicle’s tires when the vehicle is cruising and braking.
The results show that the two edge sections of a tire in
the direction of width make the greatest contribution
during braking, and the center section of a tire makes
the greatest contribution during cruising. This discovery
led to the proposal of a segmented tread configuration.
Tires were developed on this basis, using different rubber
compounds with optimized viscoelastic properties in the
different segments. The distribution of contact pressure
on the contact patch was also equalized. The newly
developed tires displayed a 5-m reduction in wet braking
distance when compared to other tires with identical
rolling resistance characteristics.
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Test method: J-NCAP
Test vehicle: FF 1.7L

Test track: JARI (Tsukuba)
Tire size: 185/70R14

'%\ B N

Wet braking distance
(2 m/div.)

[Area of existing tires]|

RRC x 107
(5/div.)

Fig. 1 Relationship between wet braking distance
and RRC
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Fig. 3 Temperature dependence and frequency
dependence of tand
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Table 1 Comparison of direction of enhanced tread
compound
Ind
Phenomenon | Frequency ----_-n--?)f---
Direction
Rollin
/g‘ 60°C tan &
RRC 10'=10%Hz | . ___|
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Wet
braking| .\ 10*—10°Hz f----------1
== Large
0.1 mm g
(Aggregate pitch)
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Fig. 4 Relationship between 0 °C tané and -15 °C E*
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Fig. 5 Relationship between 60 °C tand and 0 °C
tané

[ = |Test method: J-NCAP
o Test vehicle: FF 1.7L
Test track: JARI (Tsukuba)

Tire B \Tire size: 185/70R14

Wet braking distance
(2m/v.)

® Base tire
TireD O ¢ , \
Goo! o |
Tire C Tire A |
RRC x 107*
(5/div.)

Fig. 6 Relationship between wet braking distance
and RRC
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Fig. 8 Front wheel load variation in wet braking
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Fig. 10 Measuring and analysis areas of contact patch
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Fig. 12 Comparison of contact patch pressure
distribution in dynamic and static tests
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Fig 13 Comparison of contact patch pressure under
braking load
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Fig. 14 Hysteresis loss distribution by finite element
method analysis
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Fig. 15 Comparison of contact pressure

Table 2 Target tire characteristics

Part Index of
Perfo:gellnce of contact | tread compound | Direction
g patch property
Braking | Shoulder 0°C tan & Up
RRC Center 60°C tan & Down
Snow Center -15°C E* Down
handling
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Fig. 16 Segmentation of tread construction
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Development of Microscopic Damage Model for Impact Failure Simulation of Polymeric Components
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ABSTRACT

For simulating the final failure of the component
made by polymeric materials based on the microscopic
material properties, the craze density-based softening law
was proposed phenomelogically. The microscopic
experiment was conducted while the craze nucleation,
growth and fibril failure were simulated with the coarse
grained molecular dynamics model. The impact failure
test was also conducted on the actual automotive part.
The deceleration time history and damage zone
development were compared with those obtained by the
finite element (FE) analysis. As a result, the usefulness
of the constitutive equations with microscopic material
properties was validated.
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Fig. 3 Photograph of crack tip during tensile test
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Fig. 6 Load displacement histories of crack tip
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Fig. 7 Photograph of crack tip during tensile loading
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Fig. 12 Deceleration time histories of bumper face test

Fig. 13 Deformation of bumper face
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Development of Orthotropic Damage Model for Crush Simulation of Extruded Aluminum Member
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ABSTRACT

It is well known that an extruded aluminum member
has the different mechanical characteristics between the
axial direction and the normal direction. It is important
to consider the extruded direction dependence of
mechanical characteristics in evaluating the energy
absorption performance of the extruded aluminum
member at non-uniform loading directions. For
simulating such an orthotropic mechanical characteristic,
the simple orthotropic damage model was proposed with
the simulation method. The test specimens were cut out
of the axial aluminum member in the axial and normal
directions. The tensile, three-point bending and mixed-
mode fracture tests were conducted in order to obtain the
orthotropic characteristics. The simple orthotropic
damage model was proposed and applied to the crush
behavior of the extruded aluminum member. The load
displacement curve and damage zone development were
compared with those obtained by the experiments. As a
result, the usefulness of the orthotropic damage model
and simulation methods were validated.
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Fig. 1 lllustration of material model with damage
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Fig. 2 Finite element model of three-point bending test

Fig. 3 Finite element model of aluminum extrusion
crush test
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Table 1 Chemical composition of A6061 (wt. %)

Si Fe Cu Mn
0.40-0.80 0.7 0.05-0.20 0.15

Mg Cr Zn Ti
0.08-0.12 | 0.04-0.35 0.25 0.15
3. EBRFZE

3.1 HEME S LURRR

FENHOIMENE A6061-T6 7L I =7 LAESHELOH
HRRIMEITH S, JEE 2mm & 3mm OENRD SRR E
N5 HEAPARIREEE X O, T e HEE e T
5 laadBRfT, 3 iR, EAE— MR ZTI0 L
MTU e, EMOI2E 7% Table 1 IC/RT. RIS T
W&, ZEPERZARL & BEPER SRR B 2 iR 5 728, Mg
ESIOREENRE S 2 OB Uz, S,
Mg & Si Z VDI FTHKA L, Mg & Si ZZ2HICH
TR B &2 W7z, BENERHE190°CZ 3R & L7z, 5l
HBRFIEES 2mm ORI S50 LTz JIS 22201
14B STHERLL 7= & D% VY, Fig. 4 ISR TRIRZ R .

53

R20 R20

(Unit: mm)

Fig. 4 Schematic illustration of tensile test specimen

fan

1
>l i«
i
!
[aV)

Detail area A

74
54

(Unit: mm)

Fig. 5 Schematic illustration of mixed-mode fracture
tests specimen

BV RRER A 13 B A AR (L=40, w=20, t=2 mm) = filV 7z, &
7z, Richard I X DRI N TV % WEET— RS
FroOBIRZ Fig. 5 1R d. TEZE ISME S001-1992 I #E
WURABRIC K > CEHA SNz, L7 VI =9 L
MO, WRENEERED 5 200 mm OEX
Yo Lz ok HVz.

32. EREBHLUAE

3.2.1. 55k, 3 mERIFEHERICDWVT

AWFLTIE, HEFNISHO T ABEZNET 5728, I
AErk Bk (S aUERTS, ERAR SkN) ZfHH Lz, 515k
HEIE 0.5 mm/min & Lz, 3 i EBRIc BTk, E
FHEZ 50 mm/min & L, EFTOMEEZMEZRIE
Uz, 3 ridhiFaBkiE D5 H % Fig. 6 1IRT.

3.2.2. BEE— FHUEEERICDOWLT

glak, 3 sl EtER & [H CrResBRIc 5V, Fig. 71
IRENBIEEGE— FIHERR Y J 2 VT, WERARZ B
Thxotz. ZZLERBAAIR O T RFCHEE O IS IRAE 72 F1A
TEHHEE LT, WHEKERE K ZHWz AT L
I EZNZTNEZEIC X 2 MEEETHZE—R | &8

Fig. 6 Photograph of bending test device

Fig. 7 Schematic illustration of mixed-mode fracture
test device

— 116 —



BHL7 IV 20 LA OERBRDI.HDERRAHEEE T IVOFRR
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RO EHEY 2 7% 100 mm/min TEEHEY, 7V =7 LI
MEFBREEE. ZORISKR—LETEHATICE-T, &
MOZER 7% 6 I EHOERIRI iR Uiz,

Fig. 8 Photograph of mixed-mode fracture test device

Fig. 9 Photograph of crush test device

4. BRELUEE

4.1 5|3REAERIER
5 RARBRODFE R S5 5 NTAHK A & FHAEL B OBARITRE
7% Table 2 1239, KA DIGHOTHBEHRE Fig. 10

Table 2 Mechanical properties

Composition A Composition B
Axial | Normal | Axial | Normal
Elastic modulus (MPa) | 70.5 70.8 71.4 70.1
Yield stress (MPa) 278 270 303 291
Tensile strength (MPa) | 316 311 336 331
Rupture stress (MPa) 270 264 296 308

I, KB DSOS ABGRZE Fig. 11 1Rd. Witk e
b, IHEICBNTIE, #IH UG & EE W & TERGTED
HEMCHERES NI, BERE B ENEho Tz X
7z, BEHRISTIR5 IHRIME DB EHATE S EE X
5N%. —/C, A DK 3 I B DU
KO EREAEZRL, HKADHKB & D BN
BenUic. X7z, #RA EHRB OISz T 5 &,
Mg & Si ZZ G B D/ KRERISHEE E5 T,

4.2, 3 Rl FEERER

Fig. 12 & 13 ICHIEK A, #HAK B ORI RS T O EE 2
RfRZRT. Wik e &, R UG OMMZS MR L
EHREDBEREWVHEHNEZD, 5B TIREREI N
o T2 EAZETED N FRER CIEBEE I, F£iz, R
Al Mg, Si ZZ HFTHKB &0 BIEMN RS ZRL
fe. —IZ, Mg, SIR7IVIZULESICBONTIE, Si%
DEMPL TR E IR > T, TRMNREETZEHMES
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Fig. 10 Stress-strain curves of composition A
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250 |
200 |
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Stress-strain curves of composition B
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NTHEH®- 0 KPFRICBO T AREOFER 22, Fig.
14 1 FHKA O 3 PR ORBA EiDEHTH D,
X HICR E N5 IS 2 B EEE QEOLEY, JSM-5300T)IC
K OEZ L . Fig. 15 & 16 ITIZHK A O L5 & #7
U a5 T A oD i U R oD A v B i D B 1B
HWEHRTHS. Fig. 15I1IRINZED, FHH U
OHHEREIZERNEN D D5 BRIC K 2HHETH M, #Mh
EEMSE GABRAERmICBISE Nz, —7, LS
I BT, BEEE DS AW > TRIE S
SN TIERENTED, OTHOFBAENET > TV
BT ENHEMC RS, TS OBIEEFREDENDY, 35
H PR TR S NI E R B EOHERK EEZ 5N 5.

4.3 BEE— FIEERER

AGABR TR D NI AN IR & T HRRRN D, X
TS DIS LR FE 2 1S 7. SR DISTTHER R D 737
X7z Fig. 17 & 18 IT/nd. HEKA LHERKB L &Lk %

1400
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Fig. 12 Load displacement histories of composition A
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Fig. 13 Load displacement histories of composition B

Fig. 14 Specimen of composition A after bending test

Fig. 15 SEM photograph of composition A cut in the
axial direction after bending test

Fig. 16 SEM photograph of composition A cut in the
normal direction after bending test
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Fig. 17 Mixed-mode stress intensity factors of
composition A
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Fig. 18 Mixed-mode stress intensity factors of
composition B
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T eV D 3 B R 2 AN R E o Tz,
KTz, BLOMBICHT 2 LA & BEITMTOINS)
IR L THZ L, E— R LIG/RETIE, il
LA TN B B IS TTIERIRE O 7 B LIRE SR D &
KELESTWVED, E— RN OEDHEZ BT,
U5 & BB TR T O IHERFE D2/ NEL 7> T
WL & o Tz 3 R O & KBRS OIS TIRRE X,
E—F LTGRO LT, 5RO MG TOD
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FHUENEEICEHNS 3 SRS RICE DS ORRNE
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4.4. 7 IVE =7 LEM O EEGERIER

Fig. 19 (X E1EAER C O LA BN AR 2R, 35
i RRER & ARk, FHAK A OfRBTEMEAHKB & 0 &/
SV R LTz, iz, BBEBRO7IVI =Y LEMOEE
% Fig. 20 & 21 1R, fAKAICBVTIE, ZIEEBHM
IR E CTHER L o 728, M BICBWTIE, EZMNE
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Fig. 19 Load displacement histories of crush tests

Fig. 20 Composition A after crush test

Table 3 Material parameters

Composition A|Composition B

Elastic modulus (GPa) 71 71
Yield stress (MPa) 290 310
Strain hardening parameter 420 420
£, 0.19 0.09
€, 0.27 0.095
Cixx 0.401 0.184
Cixxyy 0.633 0.429
Ciyy 1 1
Cixy 1 1
Ciy, 1 1
Cixx 1 1
Coxx 0.071 1
Coxxyy 0.267 1
Coyy 1 1
Coyy 1 1
Coy, 1 1
Cox 1 1

MimiE T L. MBS, FHR A ISIETER 2 A )
R LTeDITH U, #HRC B I Me MR i ghzn Lz &
EABNS.

4.5. 3 mphlFEER & SHE DL

AARREOMEREFINC BN T, BT A—=2ZFR<
TN TOMRERLT RS RICEDZREEI N, £
Tz, BAMST A=RICBVTIE, 3 AR B0 B
EAMFEL I al—ya UEREMELT D XS A8
T A =R RSz, Table 3ICHIKA & B THWAEE
BaRL, Fig.22 & 231c, REINIEEEHO 3
BT RBRD Y 2 2 L— a USRS R E R T, R
THELRTERETET IV ERVCS T LIck>T, 3R
FRBRIC BV TS NI EREA D, KA LB &I
BOTHERSEHINAZ ENHEMNCES T, £, B
RSB RS RS RO K - THRESZ
DU LT2550E, REBSEROBEIMEMEVE R &k o 7z

4.6. 7 IV = LB EBEER S SHE O LR
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Fig. 21

Composition B after crush test
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Fig. 22 Bending load displacement curves of
composition A
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Fig. 23 Bending load displacement curves of
composition B
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Fig. 24 Load displacement histories of composition A
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Fig. 25 Load displacement histories of composition B
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Fig. 26 Equivalent plastic strain distribution of
composition A

Fig. 27 Photographs of composition A member after
crush test
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Study of Method to Reduce Low-frequency Noise by Controlling Panel Vibration Phase

ik [Pz * Ak f 7 W oz
Takashi KONDO Akira SUTO Hiroyuki YASUDA
- = ABSTRACT

HHZEDER R T IV TR EDRAR SIS LT,
B O/ SFOVIRBI DTN E H U S 2K 2 Fikz i
U7, BEEBEEOERIIT Y EVIBIRTHRE S SE
E— ROBENREV. Z T CEREREGERIC BV THE

BIEIC DD % 733 )V OB 7 S 3V HiR A 5L
DOEEIC K> THRBIL, BEZRT 551525 R L .

F iz, (EREEGEEIC 1) % BEMEFTHH 2R L,
ERERDN BE 5 NTBIREMIC K > THENZEO THIN
TE, BNV OFESZHEIC Uz, TNSOFERNS, 72
B B THEEBO/ SR IVHIRE W 2 S 2 HEEZ
ZBTEY, BEZITBHINHOMGRZHEBTS LT
10dB D EHAKJEIRNE S NI,

A method of reducing the sound pressure of low
frequency noises such as booming and drumming noise
was devised by focusing on the phase relation between
multiple panel vibrations. Low frequency noise is
affected by the acoustic modes, which are determined by
the shape and the size of the cabin. Accordingly, an
advantageous panel phase relation was clarified for the
sound pressure inside the cabin in the low frequency
region, and a method of realizing this phase relation by
means of the distribution of the panel resonance
frequencies was invented.

Also, technology for performing BEM analysis in the
low frequency region was established. The sound
pressure in the cabin was predicted according to the
boundary conditions obtained from the measurement
results, and the contribution of each panel was clarified.
From these results, the multiple panel resonant
frequencies of a completed vehicle were adjusted, and
the necessary phase relation for canceling the sound
pressure was realized, thus the sound pressure was
reduced.
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Table 1 Combination of panel resonance frequency
Windshield Roof Rear floor | Tailgate |Phase condition

A ﬁ‘ ﬁ @ Even

B ﬁ‘ @ Poor

C ﬁ @ Excellent
D ﬁ‘ @ Good

el I L

F @ ‘ Excellent
a| & L

Hl & {J

I unsuitable phase condition
{} Resonance frequency : over 1st acoustic mode
4 Resonance frequency : under 1st acoustic mode
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Study of Door Closing Sound Mechanism Using Operational Modal Analysis
and Acoustic Holography

AN M —*
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ABSTRACT

In order to keep the boundary conditions of door
closings, operational modal analysis (OMA) was used to
obtain the correlation between the operational deflection
shape (ODS) and mode of vibration. As a result, it was
possible to understand the time domain deflection shape.
In addition, to verify the relationship between the
deflection shape and phenomenon of noise radiation, the
acoustical radiation phenomenon was determined using
time domain acoustical holography. With this
conventional method, there were limits to the
measurement of low frequencies, so in this research a
new method called statistical optimal near-field acoustic
holography was used. As a result, it was possible to
determine a correlation between the vibration
phenomenon and phenomenon of noise radiation in
transient conditions. A method of changing the door
closing sound was developed by controlling the vibration
flow.
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Establishment of Method for Optimizing Multi Specifications for Sound-proof Packages
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This paper describes an optimization method for
designing a vehicle sound-proof package. This method
enables the achievement of an optimum balance between
lower weight and higher absorption performance. In
order to propose a sound-proof package in the early
stages of vehicle development, it is necessary to assess
the number of sound-proof elements required and to
select the optimum design specifications for weight and
absorption performance. However, it is difficult to
achieve conflicting objectives simultaneously, and
acoustic engineers therefore require special technical
knowledge. The research discussed here developed a new
automated optimization method that resolves these
issues. The new method enables detailed sound-proof
package specifications to be obtained, including the
thickness distribution for each part. These specifications
can be easily transferred to drawings. The method was
successfully used to reduce the sound pressure level of
a vehicle cabin, providing verification of its accuracy.
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Table 1 Optimization variables for elements
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ABSTRACT

For motorcycle dynamic simulation, the rider had
previously been defined as a mass that is fixed on the
motorcycle; therefore, examining and applying rider
behavior to dynamic simulation models have been long-
standing issues. This research established a dynamic
model that simulates running on a winding road course
while incorporating rider behavior. Rider behavior in
actual running tests was digitalized using an image-
processing-type motion capture system. By applying the
digitalized behavior data to the motorcycle simulation
model, the actual rider behavior was accurately modeled.
Actual running paths for the simulation were measured
using a Global Positioning System. Calculation accuracy
of the rider model weight shift during acceleration and
deceleration on the winding road course was enhanced
by applying the acquired rider behavior data and the
motorcycle dynamic simulation model which
incorporates the multi-degree-of-freedom rider model,
into the multi-body dynamics analysis software.
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Fig. 3 Example of rider position while riding

Fig. 4 Consecutive movement of rider
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Fig. 9 Results of rider behavior
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Measurement of Piston Skirt Oil-film Pressure when Piston Slap Noise Occurs
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A small thin-film pressure sensor that does not affect
the piston skirt surface geometry, stiffness, and mass was
directly deposited onto the piston skirt surface by
physical vapor deposition, and the oil-film pressure on
the skirt surface which is closely related to the cylinder
liner excitation force when piston slap noise occurs was
measured. The oil-film pressure corresponding to the
cylinder liner acceleration, which is an indicator of
piston slap noise, was measured in an engine under
running condition, and the accuracy of this measurement
was confirmed. It was also possible to measure the
change in the oil-film pressure distribution on the piston
skirt surface corresponding to changes in engine speed
and the piston pin offset. The difference of the oil-film
pressure on the piston skirt surface when the piston
collides with the cylinder liner, which was not possible
to explain from cylinder liner acceleration alone, allowed
the mechanism where the piston secondary motion
differs to be identified. As a result, the accuracy of the
piston secondary motion simulation was enhanced,
enabling effective measures against piston slap noise to
be studied.
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Table 1 Alloy composition of sensors [wt%]

Cu Mn Ni
Cu-Mn-Ni alloy 87.8 8.75 3.45
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Lead part Sensing part (Twin arc)

b=

Fig. 1 Shape of thin-film sensor (Plain view)
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Fig. 2 Structure of thin-film sensor (Cross section)
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Fig. 3 Pressure-resistance characteristics
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Fig. 4 Simulation results of oil-film pressure
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Fig. 5 Thin-film pressure sensors on anti-thrust side
skirt

Table 2 Engine specifications

Water-cooled, DOHC,

; 4-stroke 16 valves,

Engine type In-line 4-cylinder,
gasoline

Bore x Stroke [mm] 86.0 x 86.0
Displacement [cm3] 1998
Compression ratio 9.8:1
Max. power [KW/ (r/min)] 118 / 6500
Max. torque [ N-m/(r/min) ] 191 /4000
Piston pin offset [mm] (Sta(r){gard) 1.3
Cylinder offset [mm] 0.0

./ Rotational
> direction of
7 engine

Fig. 6 Linkage and wiring from thin-film sensors

Thin-film sensors
on piston skirt Output

voltage

R1-R3: Variable
resistor

Input
voltage
(constant)

Fig. 7 Measurement circuit (Wheatstone bridge)
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Fig. 9 Pressure measured by sensor 1 versus
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Fig. 10 Experimental and calculation results for different engine speeds
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Fig. 13 Experimental and calculation results for different piston pin offsets at 3500 r/min
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Piston Slap-noise Prediction Using 3-dimensional Piston Secondary Motion Simulation
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ABSTRACT

A method of predicting piston slap noise was
developed. Conventionally, piston slap noise was
evaluated using moving energy or vibration of cylinder
liner obtained by simulating the piston secondary motion.
However, prediction accuracy and reliability were lower.
This new method focuses on cylinder liner vibration,
which has a high correlation with piston slap noise.
Increasing the accuracy of predicting the cylinder liner
thermal deformation, the piston and cylinder block
dynamic stiffness model, and the 3-dimensional piston
motion simulation program through oil film model
modification enabled cylinder liner vibration to be
predicted highly accurately. As a result, it was confirmed
that piston slap noise could be predicted with sufficient
accuracy for all practical purposes based on a
comparison with the measured values for an actual
engine under running conditions. By applying this
method to a newly developed engine, the piston
specifications could be determined at the initial stage of
development.
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Table 1 Specifications of engine and piston

ltems Specifications
Cylinder configuration Inline 4-cylinder
Valve train DOHC 4 valves
Crank offset length
[mm] 0
Ignition system Single point ignition
Fuel supply system PGM-FI
Displacement
[cm?] 1998
Bore x stroke
[mm] 86 x 86
Compression ratio 9.8
Maximum power
Maximum torque
[Nm] 191
Compression height
[mm 26.2
Skirt width x height
[mm] 34 x29.5
Piston weight
(o] 310

Table 2 Variations among pistons
BASE A B C D
0.8 1.3 0.3 0.8 0.8

Pin offset
[mm]

Skirt form Base | Base | Base Thin | Thick
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Table 3 Specifications of newly developed engine

and piston
ltems Specifications
Cylinder configuration Inline 4-cylinder
Valve train SOHC 2 valves
Crank offset length 14
[mm]
o, Dual point
Ignition system sequential ignition
Fuel supply system PGM-FI
Displacement
[cm?] 1339
Bore x stroke
[mm] 73 % 80
Comepression ratio 10.8
Maximum power
Maximum torque
[Nm] 123
Compression height
[mm] 26.2
Skirt width x height
[mm 38 x29.5
Piston weight
(o] 205
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Fig. 13 Comparison of predicted cylinder liner
acceleration (TH side and AT side)
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ABSTRACT

A Modal analysis technology using engine data taken
under operational conditions is proposed. Taking the
features of engine vibration into consideration, order
tracking vibration data is used as an input to the
subspace method and the identification of modal
parameters is enhanced.

Paying attention to the mode shape used to validate
FEM, and an accuracy validation by the proposed
method was conducted. In the excitation test using
pulses, pseudo tracking analysis was conducted. The
results were compared with the modal analysis using the
transfer function, and it was confirmed that a similar
mode shape was obtained. By applying this method to
actual engine vibration, the chain cover mode of diesel
engines was identified, and it was confirmed that the
orthogonality of the mode shape was enhanced compared
to the mode shape obtained using conventional
operational deflection shape and using average spectrum.

From the above, it is determined that the proposed
method offers enhanced identification accuracy of the
natural modes under actual engine operating conditions,
as compared to the conventional method.
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Fig. 1 Overview of OMA

22. TIVIC OMA =ERAT 3 & TDMES

IO Fig. 2 IR XD, T2V VEERIc
WS B TR DB TH O, < LEIDZAXRT ML ki
5. £oT, niRORIRNDEEETR D H e, L O
AR T, ZOEETIE OMA DFEHANTERL. Z
DIz, OMAZTEH &8 3 7z DI Bl E CHRE) AR
7 NIV R B3 T 75, EIRNORD 207535
HEEDOLTRMNBEICK S (Fig. 2). BEHRRENTWV3
OMADRNTY A7 L&, HEEMEY O KRB X 5 % H
AN EREL, REHART RV AEBEHIEEUBE L T
dYhzn. UL, COREELIY Y ORICEH LT
B, KB LND, IELIVONSWREE ED TF
B33, F0Dih, SINMEREDT—XZOEFEMEMETRL,
E— MR EEE T 5.

23. IV IVICADE BRI EREDRR

IV VOFEKIRETOE— RHIESEDOm FoT-
B, OMADANT—RIZ, bTwF 2 TRITIC K % IE
AT — 225, TER G ORIRIEE, T2 N
OEMS, Fr—rREEDOMARE N E DR OES)I
KBRS, BREERETHD, BHEHHZELL TE LK
ZE LI LNV S, 22T, ThHOHERICHE
HUTIEBNCRB STy F o Uik Tz, AT b+
WELTHWS., Thuc kb, REIAXT bV EAHiRF
LB X D & SN LR L, DR IIDERE TR D
BOEWVISEMESENDS. Ko T, KB I vF T F—
REHWBT EICED, OMADRNRSEED T % L#
2 50% (Fig. 3).

Averaging

' II I
00 600 800 1000
Frequency [HZz]

»~ Acceleration [m/s?]
I 1
Engine speed [rpm]

Onp

Frequency [HZz]

Fig. 2 Averaging engine vibration

= — — ; - 10dB
e Order tracking fI[\: £ $ 0dB g
3| (et :-Qg
o |7 2
F e o Al’/
- o v

[ON 15 =
2k g
&k = < . .
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Fig. 3 Order tracking of engine vibration
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3. RERIFE

3.1. IRT A MK B FEERET
FEEFIRETOMIEZ B S Ailc, IET A Mk
D, KT vFrT7TF—XIZ OMA Dl TESHhD
WAt 2 3B 275> 7 (Fig. 4). HIEMRITIE U HEANY R,
VY vARTay 7, Fr—rHhN—, Ny RAN=%FH
BT TN TNS., YU EZTay 704 A )Ry
Ty SR BRAMRSS TR L, v RAN—DRESED
HEHET S, MHET A ST 5 v > Vi =i
LINCBTRZ B KD, ZMPEED/IV AR Z hRIC
M, DOV 2 DORRZERIICZ L X8, TRUICE
O FRZBHIES. COX5ICLTELNEIRINC
T T oy T ARV, OMAZETLE— REA
Hd 5. £z, OMADLIKE LT, SVALEFICKS
IET A FHBTEY, EMALDLERZB K S. EMA
DOFHEE, —fRITIA VSN BFRGEHORY U7 7 L
VAN S.

32. IVIVDORIFET A b

i, FBEOILY Y VAT AMNYFTHEIELIZEED
R VT, OMADKEEMGEEZ BT x> Tz, JIERSIC
B4AKME 22L OF =BTV IV EHAY, Fz—2h
IN—K O HYMIRENZJE S % (Fig. 5). BBEhiR i X%
J A RS BT, B—& 1V FIC & BINERERTH &
Boixw, HixgE FRSETREEES 5. OMARHE
M B70ic, Fr—YEATTT v FOBAEWVICTER
LIeXE ST F U TRk L, 1R S DFETH S AN
7 FIVOSEEEE B TR, ThEDT—XZIC OMA %
FITLESNIZE— RO ET . I5IC, EHE—ROD

Head cover

Measurement of vibration

Acceleration [m/s?]

z Excitation by pulse
8 b4 A Tme
S Order tracking analysis
2 AN\
£
c | |10dB ﬁ/
§e]
s
3 A
Q
. pNV’VJN/ ’
<
400 600 800 1000

Frequency [Hz]

Fig. 4 Overview of pulse excitation test

RELLTEHISHEDNTWS b T FiRkTERE
iz ODS %3fTL, OMA &Ltigd 5.

3.3. E— FREODLE

E— FEIEE— R 585N AREOHTE, kil
KROAFUEPLFEM OF5HR & DLl s EicHWHb N5, T
BRHETH B, Ko T, OMADIEERGE CIRFHCE— RE
ICEH LRt 2RIt Uiz, LIRS, B— RHEB%RE (Modal
Assurance Criterion: MAC) ¢ 7 i 2 B— RIEDHHFEE D
BREEFEICDOWTERRS., E—FXT Mlg Ly HEZ
bhize &, MACIE(1)KDESENS. TTT, ¥ r
BXU s BEAE— FOXREEEDT.

2

9 ¢
MAC (¢, ¢)= —5—— (1)
?,

3

o 3o, OHFILEZLXDT. MAC & 2HDOXT |k
JVOMBEZETRYT. 0 < MAC = 1 THYD, MAC=1 Dk
FlE 2D MVIIFTELEHEBENRH D, MAC0D L i
HMHETH S.

EHIX, HEOT—RET MAC ZEHEL, bV v
AFRZB /%S, FCE—FETEBIES oM E, H
22— FRITHBI A HEMENSS. HAMHBEOES
&, IEHARDDOLNIVAVNENZE, B— REDERMED
@<, E=FRELMHEIN TV S, HEMHBEOE A,
AR LIGEWVETH S L, HODOE— RIEDHLT
bH5.

E— FEOHIHFEE ZE B DE— RIS DWW TEBIMICEE
flidB7%dic, ¥ FV vy 7 REREDHDOYE, MACDOFEH
DFflit B E-o7. HAMHBEDHEAIFE— FOBERMEIC
HH LT (2R 9 IER 57 (Non-diagonal Element:
Non-diag) D F4fEi%, HHHEMHBIDYE G IEE— FOMENCHE
H U TN (3T x4 a5 (Diagonal Element:Diag) D
Y72 RS 5.

Fig. 5 Chain cover and measurement points
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Mean (Nonfdiag): MAC((])r, ¢s) (ris) (2)

Mean (Diag)= MAC(¢,, 0.) (r=5s) (3)
4. BR

4.1. MN3RT R M T Kk B REEREE

IRT A MICOMAB LU EMAZEN L TESNIZNY
RAN—DE— FEDLEEZ B T o kR % Fig. 6 IR
9. Fig.6 @ (a) i OMA OHCHRE, (b) & EMA DOH
cAHEE, (c) 1 OMA & EMA OHEHEID MAC O~
Vw7 ZAERTHS. OMAELEMADOHCHEX, FER
%53 C 0.40 LA ED MAC B¥H-7-. OMA & EMA THU
HmZRT =D, OMA & EMA DNTREEDENIEK S
EDTIEL, FHIEIDEVERENRERRTH S LHEET
&%, iz, ©IORTHEMHBEDORAKATDORE XIF0.89
DLETHY, HEMEBEORARTOTEES, 094 &En
BiEZ/RUTz. U EOERDNS, OMA & EMA hH1E5

1
Mode no.

1
Mode no.
(b) EMA

1 1
Mode no. Mode no.
(a) OMA

MAC

0 y
3 ~"3
2 2
1 1
OMA Mode no. EMA Mode no.
(c) OMA vs. EMA

Fig. 6 MAC from excitation test

1320 Hz Point A

|
1440 Hz
Nz

Point B

Acceleration [m/s?]

1000 2000 3000 4000
Engine speed [rpm]

Fig. 7 36th order vibration of chain cover

Table 1 Comparison of natural frequencies of head
cover by OMA and EMA
Natural frequency
Mode no. (Hz] Difference [%)]

OMA EMA

1 831 829 0.2

2 901 901 0.0

3 947 947 0.0

N=E— FESHELITH D, OMA B EMA LRFEDE—

RIEOEEEZE T 2 LR TE 2.

Table 1 IClZ, OMA BX U EMA hSESNEHR
RT3, OMA & EMA DOEHIREEOZEZ 02% LR
Thol. MENSELNIAERN L, BEEIREEOM
HRSEIC BV TE, OMA & EMA BFRI%ETH 5.

42. IV I VDRFET A b

F =Y AN RICF 2 — VAT NORETH 36K
DTy TN RN LIRS ROR % Fig. 7 1R
HlE & Fig. 5 12313 % PointA BX U PointB TH 5.

%

(a) 1320 Hz (b) 1440 Hz

BT

(c) 1500 H

N

Fig. 8 ODS of chain cover
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N

o MAC

N

o MAC

.

(a) 1322 Hz (b) 1466 Hz

i

(c) 1518 Hz

Fig. 9 Mode shape of chain cover

Mode no. Mode no. Mode no. Mode no.
(a) Tracking (b) Averaging

Mode no. Mode no.
(c) ODS

Fig. 10 MAC from operational condition

Table 2 Comparison of MAC mean from operational
condition

Mean of non-diagonal MAC
Tracking OMA Averaging OMA Tracking ODS

0.06 0.20 0.44

Table 3 Comparison of natural frequencies of chain
cover by OMA from tracking and averaging

Natural frequency
Mode no. (Hz] Difference [%]
Tracking Averaging
1 1320 1322 0.2
2 1425 1466 2.9
3 1512 1518 0.4

REHDE—27 A%, 2200 rpm(1320 Hz) , 2400 rpm(1440 Hz),
2500 rpm(1500 HZ)ICAFTEL, fiffTiE & NS ORI
HEHUTSET L.

kw2 TS S N T2 ODS OfE S Fig. 812,
o wEF T T—RIC OMA ZHEH L THELONEZE—RE
% Fig. 9 I&/RY. Fig. 9 IR E— FETR, ZhEns
Z 27 E@ERO Fl, T, A AW SV MRET 2R TH
%M, Fig.8 IZ/”R9 ODS WEgXRTCIKITVI¥v T hD
Bl o NS MREN T 2R EEN NS, ODS &
E— AR TETICERED T > TERENTWVS 20D
ThdLHEINS.

HAMHBED MAC ZRDIAGHRZ Fig. 10 IR, Zh
N, (a) b Ty F U IRITHERD B E— FE, (b) T
ENED 51572 — R, (¢) b T v F 2 JiikiERz v
7z ODS DHHHBED MAC O bV w7 AFKREZRLT
W5. %z, Table2 IIZHCHED MAC DIEXFHRIT
OFEEER RS, T v F U IRETEROE OMA OIEN
FARDIERAKT 011 THholeDicn L, FEUHIC X S
OMA DIERA IR IR A 0.31, ODS DIER A RTERA
066 TH-olz. Fiz, Table 2 I RTIERARIT D FEEHE
KBNTE, FIvFU IRz OMA I 0.06 T
Ho, FHUHEIC KD OMA D 0.20, BXT ODS D 0.44
KONEWEZR LT, b Ty RV TN 2 VL TzOMAD
EH5HBRENZEHEE— ROBERENSEL, T—FEoy
BN TETVEDICHL, FEUEIC K% OMA £ ODS I
EREMEL, = FMEOZEENTETVERY. £oT, b
Z oy &G R O TZOMAR, TER-WSNTE7-0DS
RPEHIC K D OMA LR U E— FRIHUEE D A L
W5,

Table 3iCi&, b+ 5w JHAT & SEENIRZ S0 U T3k
W7 — 2 b5 N B A IR O R R ZRd. 2%F
HOE—RT, EERESEIC29%DEANRENID, H
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A ERERERN LV TH D, BEERBEIC DOV TIINEE
FiED OMA THT0aiitEEZ D

5. &8

IV Y DFEBENREEIC BT B A T — Rl Oks
Lodh, OMAIIREID I ST v+ 77— 2205
CTEEEREL, T—FRERKEH LU ZB T R > 18
R, LUFOREGRZ .

(D 7OVRPEIEZE O EIHRET A M X 2 BGETIE, fRE)
DI Ty F 7 TF—2%EHTz OMA &, {5ZE
BEHOWE EMA & DLEHGICBOTHLIOE— RED
/5N, EMA LAEDE— REREELNH 5.

(2) FEREIGDF £ — > H\—OHEE) 2 FI O THGEE U755
B, LT vF I TF—2EHOE OMA X, #Ek
WMHDHETH ZIE 2 UG 25 OMA FiE,
OMA DT T b 2 FEBIRHRENZ Kt (ODS)
AN, BEEE— FOERMENEL, E— FEOHH
FEEED M Uz,

AFEE, EROBELZEM T S NHEE %5 EE
E—FOHZMETES. 5%, T— FEEO/WERETE
TR & CATEZ O TR OWEN IR T E 5.

BE W

(1) KBH © 7 —B)UBRBERE S D T > 2 2 M TR
T, BN 2AREE AN S, No.36-05, p.7-
10(2005)

(2) EGved, masiE, Yok, IR E 2PV
A AREIENTND BBA TEDEM, HONDA R&D
Technical Review, Vol.11, No.2, p.135-142

(3) Hermans, L., Auweraer, H. V., Abdelghani, M. : Modal
testing and analysis of a car under operational conditions,
16th IMAC, p.1000-1006(1998)

(4) HEPMA, WiARSE, RO @ B 2E s 2 v e
E— FRHERIEICEE B 01958 (o 27 OV A MERIE & B4k
FEE), HAEM 2> Dynamics & Design Conference
2005 >4, N0.603(2005)

(5) WITJeHE : Ty F 0 77— 22 V9258
E— Rt BHEHEEIT AN RIS, No.36-
06, p.1-4(2006)

(6) Sl E— FHBFRE, E— RN FT Y7,
Jm 4, p.128(2000)

[ |
i

2

i

— 168 —

gl

%



BREIVIVICBITBBIRI SV v T FRD
BFEEND I 1 L—2 a3 UEITDOREF

Development of Simulation Technology for Dynamic Behavior of Assembled Crankshaft Systems
in Single-cylinder Engines

P NS I o
Tatsuya IWAMOTO Junya SAITO
g B ABSTRACT

HARLY Y VICEHESNZMNIR IS 7% T D
BNEE 2 22— a v T RGN, VIV IEVIEA
DWEED YT V7% 7 MCEERB I N5 Alternating
Current Generator (ACG) T — X DEIEFE, BITHRHD
HZ ORI EHICRIRT S D, StEBEEm T3
IATEETHD. TNEORMEDE( Lz HAGENIC KD
WEES % & &b, MRS NN E EfcEH UK
D520 x T FROBRRITE T IV EREL, S5IC=
JOoeHME R 2 RIRT X 2D DIMZET IV 2L
To. TS ZHMRITIGER I 5 &ick D, MR o>
U % T NROBIWNEE)Z, GREEHE S KT
VIal—varTEL LR L.

When simulating an assembled crankshaft system of
the type often used in single-cylinder engines, it is
important, in terms of the accuracy of calculations, to
adequately represent the influences of crankpin press
fitting, the dynamic characteristics of the alternating
current generator (ACQG) rotor directly mounted to the
crankshaft, and the characteristics of the rolling bearing.
Actual measurements were performed to verify these
characteristics, and a mechanical dynamic analysis
model, which accurately represents the dynamic
characteristics of the crankshaft system, was established.
Also a rolling bearing model that represents the
characteristics of three-dimensional elastic contact was
developed. Using these in a mechanical dynamic
analysis, the dynamic behavior of assembled crankshaft
systems was simulated with enough practical accuracy
for strength evaluations.

1. IZC&IC

ZHyER All Terrain Vehicle (ATV) 7% EICH#H I N TV 5
HERTYYYDIEEA IR SV 72 v T bl
MALTHED, EHEENLFFICBEI ST D, BLET
VIUVBRICBOTHNE Y S 7Y v T S OMANET
W 2EHIIEFICEETHS. L LarSHhIA s S
YO T MCBWTR, 7T EOMmH 2 WiE Al
ISV TIKIEAT BT L THALTENT VS
e, 750y T MCEEIKEETNTVS Alternating
Current Generator (ACG) B — X DRSO B L D,
VROV I 2 L=y a v FETIIEERE T 2. it
RN Oz 72— ICERT 5 2 &b 5, WZoET)VE
FHENR Y I 2= a VORBEICKEIEETLILEZD

* g 2 —

https://doi.org/10.69239/hondatechnicalreview.2007 19 1 27

N3, THUTHL, ZEEIY Y AFHENTOS KR
7500y 7 FOBFTIE, B<hSERBETEME S 7z
BRSNS 2 o L— 3 VRN DI X O IANEZ TRl
BT EMNAEETH .

AT, RISy T MIHEDZENS D
B OWTOHMAGHING X 2 GENA L, BRI T 7L
WCZORMERDIA C LIckD, YIal—vavick
% TR O I DWW TR S,

2. RIS v T PO
Fig. 1lCREMNEHDNIR S5 072 v T S ORERIRT .

HBRBEIZ Y Y NHEHAENTOWRN IS v 7 b
OFEE LT, FRD5EMRTFENS.
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Press fit

Needle bearing

Main bearings

Fig. 1 Structure of assembled crankshaft

(D EFRMBZNNIZFDOEEEh—FBR IS 78 &Y
ST L TRTIHEARKIOFEEINTNS.

(2) W2 FICHEED D EZ Z AL T 5.

(3)ACCGHE—R LI TV T+ T bOBEEEEMEIZEE
THO ACG U — XD EN IS I % T D
ZENEET IO EEDNS.

W57y x 7 RicELK Ty FOoN)Lhay
IN—R 75 EQBIMEEEENEERO (I 5h25 2 &
yIEARN

(5)avay Re7S5 7 EVOFENcE=—RILEAL T
DEEMN D EIZHMER TN 5.

757 EVDIEARGER, ACGH—XICfEHINSY
Ny MESHIER EIE, BMONET B eh 5 Al
DEDEHART, FEBEIRIEDBMENDLEDNDH D EE R
5N5. iz, il EICED N SN BEmERMNE, Zh
ZTNOMEEN 7 5 7 ¥ v 7 MR EEE B XIET
EEZ BN, EHITEENDIZIE, ZFOREMIHEIC XD
TREND T L= B A TORTY V5 LEWEREMAIC X
DHFFEND 2D, ZFOHPRKREE, BIRIC K DAz S5
MERWERFENELTZ LEADNS.

S, JEARUNy MEG LWl vy
7 MBIV S NS EDIZDWVT, BIEMEOZ(L
FHEAGRIC X OMEEL, & BICZ ORI Z BT T
JVCEBIT 2 AR L. i, WIRZIcOVTIE, BifE
BEINTOVARSRIYIVOIFEALICHILETES X
INCHEHLIZ (LR, R—JL BRG &\ 9), MHET A
ZQLF, B—F BRG &W9), R AEIZ LT, =—
RJV BRG &\ 9) OMERRITET IV DBRZ I T 5o Tz

3. V507 +v 7 PROEFFEEMATHAER
31. 795U+ 7 FOEAICKZEMNE

5552w T ROIEARDZNC & 2 B2 L7 R
B, TANE—RBIERLZOEENS <Y VTR

BRICKDERAIL 7. Fig. 2IcT7 A P E—XDMEZRT. €
YOFEANCE, BETT VIV 7 MTHEENSRENT
FEAREZE L, HEAGENIC X B EA RIS X U=
O ZER Uz, £z, EASDZ—KELIISV
Vv 7 MEEKL, [EAOHMC X 2L EMEEL 7.

Fig. 31, BEAMREWVIC XS TFERIIT— RIcBIT S
B R DO — R M T 2 2%, Fig. 43 E
LOZ R LIz DTHB. TOMRENS, RKEITE—R
Khhb o, EAMOEICE 3 EEREEOAZIFE L
IETRL, [EADEIIC X > THEEREIEIC AN FHET S
TEhbholz. ZOEE, —HREDOEDEERL T
Mode 1 % Mode 4 D#tHIFE— R TRk E L,
BMART2 BIREX TS EWMREINZ. £z, EAK
XBWELLOE(IC OV T, — KRB E T % &k
L E5TWVAED, ZoHfEld/NE <, EAILXSZL
BIEEALERNVESZAS.

3.2. ACG O—ZDFFEHEEIC K B4

ACG O — X OEIRHEICKE L FE T 58 LTI,
750037 MRV MEEENE T WEIEE, KA
Wea— 2T 2 Uy MEENH S, ThEo
FRSIEIC X 2 ERFEDZE b R T2HIC, ACG—Z {7z
B U727 A P E—RE/ER LT, [EADEE & FEERIC

One piece type Crank pin Presilfitt('eitype N(Ifl:ﬁl)n
s
80
|::_ 105
130
Impact ) 155
excitation Seanps or 180

Fig. 2 Figure of press fit test piece

Y T - T Margin

5-1:0 l !JE H 80um
&-2.0 105 um
e 30 M 130 um
o 40 0155 pm
® -5.0 - - ' 180 um

Mode 1 Mode 2 Mode3 Mode 4
_ —h
S 3 X0 [ B § 2

Fig. 3 Rate of eigen frequency with press fitting

e 0.04

s [l One piece
2 0.03 B 80um
c W 130 um
Q.

£ 001 O 155 um
a o E 180 um

Mode 1 Mode2 Mode3 Mode 4

o aglo B o e

Fig. 4 Damping ratio with press fitting
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V)V IEBEB TR, R & R IE U
fe. LT A M E—XEIR%E Fig. 51, JIE Lz&ft
DA EDEZ Table 1 IC/RT.

Fig. 6 ICRBEEVIC B % FEIRET— R TOEEIR
B DO — RIS 22 bR ZRd. TOMREKD,
T—OEIC X B EHREE O, KEIE—FICK
52BIHHEDD2 - 3URERK T ZT b 1.
THUTH LI Ry MEFIZDOWTIE, —ERIES & HEE
RN ARE KL FL, ZOZ(LRIE—RICK->TH
%Y, REZERDKZ L Mode 3 DT AHREIE— R T
VR hDOBDEEEL LTI 14% DK TR S Nz,

I LEOBAGHNE A Fig. 7 1RT. JREICDOWVT

Rivet Boss

Tapered shaft

\__Rotor mass

Fig. 5 Structure of ACG rotor test pieces

Table 1 Specifications of ACG rotor test pieces
Type | Between rotor and boss Between boss and shaft
1 One piece One piece
I One piece Taper & Thread tightening
111 Riveting Taper & Thread tightening
< o0
S -5
g
< -10
- W Taper
5 15 per_____
L B Taper + Riveting
8 20 : :

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6
—h

[ W mm ' - m

HIA-H H H 3

| o & - L v iy AL -

Fig. 6 Rate of change of eigen frequency with taper

and rivet
0.6 T T
0.5 l-One piece
0.4 Il -Taper.

B Taper-+ Riveting |

Damping ratio (%)
o
w

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6
—
[ m ™ mm [l L] -
HARA-HE & 3
L ] L - L . Iy “- -

Fig. 7 Damping ratio with taper and rivet

& EAIREE L FOEADSH O, T—/3OFEHIC K32t
FEEALRL, YNy MEROAMICKDREIEET S
T b otz FEEIREBZIEDORE K EDN > 7z Mode 3
Dl HREIE— R CIRELLOZ L REREL, Uy b
iR LT 0.04%BEE >Tz6 DN Ny Mgk D Tl
05%FREX T LA LN 10 f5Ic/k5 T MR N L.

4. WIBRIRETILDIBRE

D5V % T MTBWT, BT Z U T2 B 2EE)
VIal—varvrEMTRIEEEELIRZON, Bk
ETIVOMEETH 2. w0 ARBRIC KD, [EABX
CGURNY MEBDT TV ¥ v T S RANDEINFEDF 5
DRI NIz & s, ZNSZHEARET IV THSER
HWEETFIVELR, FE 7L EWVS) ETREL, ¥ a
L—a vokEn 2K k.

Fiz, EHOIZICOWVWTIE, EHERZRR—)L BRG I
Mz, THIEBHEZ VY U MMICERIHTES XS
0O—3 BRG &, aruv FREGHRE EICEHING = —
RV BRG I DWW T & BT ET VORI Z B /5o T

41. 9V EVEABDETIVIE

JEAEBICDWTIE,  BUAGER CEAHREE DK T AR
INfeT eh S, FHKRE T IV/ERERC E LR ORI
MEEZEETEDZELSIC L. 75V EVYBXUOEAT S
YOV y T N, BtkD FE €7V E L, EAEZIZRE
RICTHESTSH LICKD, EAICK DM {LZREFAL
fo. BhEER, 7o5r 7ol UkMEBIERIC
55 XIlERL, =l mOMIMERER S % 72, (E3al]
PEDRFEIC OV TR HEAAER & FE 7V & OREAIREIEK
FHIEEL, SEHT— RICOWTERNRE/NE DX 5%
REEZ g Uz,

Fig. 8 ICCDFHEER W57 %7 b FE €7V
DA & AR O FEAIRBIE O A2 /R Y. TOTIEIC
X0, BFEE—REEIFF 1 BWANOKERFHTE .

_ 3000 T T T
N
T
< 2000 [ | Measurgment
o H Calculation
Q
LL O 1 1 1
O T T T
e = = = =
S .04
o
= -06
x gl HError ratio
-1.0 1 1 1

Mode 1 Mode 2 Mode 3 Mode 4

Fig. 8 Comparison of measured and calculated
eigen frequencies with press fit
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4.2.ACG O—2DETIVE

ACGU—ZDEFIVLICDWVTIE, U Mg
MREIE— FICKE R B 252278, Vv ML R
A IS OV TR 2RI TE 2 K 57% FE ©F7V
FRERLUTZ. BURY MW =iidaEsie L, &5
IR R L a—& & DM ORIVE O Iy JEIC IS
Al —iiERazZBm U TEa L. Uy Mo =il
ROFEIC OV T, VAR b HEATORIMEREZ R T
NEFREL. £z, RANEO—HEREFEIC DOV TIE,
FHAKS R & OB Z & 0 ah S REfEZ RGE LTz, Fig. 9Ic
RO ACG T—XFHHIAT A FE—RIC T, &I
FHUZ R U7 bR 2R e, COTIEICK D 2R 14BN
DFsE R RHTET.

4.3. 77 V7 ZROBEDEY) KL

CNETOHIFERNS, ACGu—HEFEAILKD, 7
F2 Y%7 MREUTRBEMEINT S 2 Wbtz
L LEHNE, SHEAEHEDSIE LBERIZIEE I/
EL(Fig. 4), —HREIEMERELEDLRNEVZS. 7
STy 7 hRELTIE, HEARACGH—XLISMS, )
HBERHTHZE0NT Ty F0, N)UhaN—4%, b
VT AYN—=RiZENEEIOMNIENTED, ZhEh
DOBREIC KD IS0 D% T MBS ZERTIERE
RETBEEZOND. XoTIVIVI¥ ¥ T RREL
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