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The vision of what Yamaha Motor technology aims to accomplish
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I wonder what everyone thinks technology is. The Japanese dictionary describes it as techniques
for skillfully accomplishing tasks; technical arts; methods for changing natural states with artificial
means in ways that are useful for people’s lives; also, methods that make practical use of scientific
developments towards those aims. It seems that the crucial point is “useful for people’s lives.” So,
what is technology for the Yamaha Motor group?

I believe that first of all, technology is a means to achieve or corporate mission of “Creating Kando.”
What we aim to supply to the customers and to society is not ordinary products and service but ones
that bring the excitement. Therefore, technology should naturally be a means for “Creating Aando™ as
well.

We should also look at technology from another aspect: its social aspect. In today’s world, there
is no value to a corporation’s existence if it is not respected by society. Yamaha Motor should have
its own unique way of winning society’s respect, and that should be our reason for existence as
a company. I believe that our uniqueness as a company is the variety of “value” we supply to the
customers and to society.

I believe that our technology should be both “a means for creating Aando” and “a means for
creating a variety of ‘value’ for the customers and society.”

In 1990 we formulated a technology vision called “Trinics.” It was a vision based on the three
pillars of Mechanics, Electronics and “Humanonics.” It was a concept that expressed the “What”
of technology. Now, as a further development on the Trinics concept, we have formulated a new
technology vision. It is a vision that expresses the value that we want to provide through technology.
This “Technology Vision,” this “policy of value we aim to supply to the customers and society through
our technology,” is expressed in the new term “EMOTIONICS.” The value that we provide through
technology should be value that moves people to the soul and excites their senses in ways that are in
sync with their sensiblities. The root of EMOTIONICS is Motion. And we can describe our technology
rooted so deeply in Motion and employing engineering based on Trinics to provide a wide variety
of value as the “engineering of motion” that we express in the term “Motionics.” And, to the vision
of using the “engineering of motion” (Motionics) to create value that appeals to people’s Emotions
we give the new name EMOTIONICS. For example, if we look at the case of electronic control
technologies for a motorcycle, in Yamaha Motor’s case, the technology should not be used simply
for the purpose of providing convenience. It should move the customers to the soul and excite their

senses, otherwise it cannot really be called Yamaha technology.

YAMAHA MOTOR TECHNICAL REVIEW
1




Today, the Yamaha Motor faces a very difficult business environment. In light of present
conditions, our priorities should be addressing the issues of the environment, product safety
and assurance and strengthening quality and cutting costs—in other words, strengthening the
foundations of our business and product creation. However, at the same time we must never
forget the unique value that Yamaha Motor supplies to our customers, the “joy of riding” and the
“pride of ownership” that only we can offer; in short, the value created by the technology vision of
EMOTIONICS.
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New VMAX for the European and North American Markets
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1 New VMAX

Abstract

The VMAX was released originally on the U.S. market in 1985 and then on the European and
Japanese markets. Since then it has continued an almost unprecedented record of 24 years of
continued sales and popularity. During these years, as the other makers launched a variety of
models, the VMAX maintained its unique aura and the devoted fans that loved it. Eventually the
VMAX came to be recognized as “one of a kind” and a model that drove the Yamaha brand with
its powerful presence.

In this report we introduce the development of the next-generation VMAX that will carry on

the tradition of this model that can be seen as an irreplaceable asset of the Yamaha brand.
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The 2008 North American Market model XV1900 RAIDER
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1 XV1900 RAIDER

Abstract

A journey in search of the trends in American style cruiser bikes began for us at the “Bike
Week” event in Daytona, Florida, USA, in the spring of 2005. Some 100,000 bike fans gather on
their motorcycles for this big annual event that marks the start of the motorcycling season in
North America. This makes it an excellent place to observe the latest trends in biking.

Although it has many unchanging aspects, a closer look at this event reveals big changes from
ten years ago. There is a big change for example in the “chopper” style bikes epitomized in the
past by the 1969 movie Easy Rider.

From these observations of large numbers of customized models began the project to develop
a new production model based on the existing Yamaha cruiser model “XV1900A ROADLINER.”
Here we report on the development of the resulting new model “XV1900 RAIDER.”
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The 2008 North American Market model XV1900 RAIDER
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The 2008 North American Market model XV1900 RAIDER
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The 2008 North American Market model XV1900 RAIDER
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The 2008 North American Market model XV1900 RAIDER
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The 2008 North American Market model XV1900 RAIDER
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The 2008 North American Market model XV1900 RAIDER
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The 2008 North American Market model XV1900 RAIDER
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ATV Sports Model YFZ450R
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Abstract

Yamaha Motor Co., Ltd. released the YFZ450 in 2003 as a “Pure Sport ATV.” The YFZ450 was
developed with an engine based on the power unit of the production motocrosser YZ450F, with
its reputation for outstanding performance. In the sport ATV category of the U.S. market with its
annual demand of approximately 110,000 units, the YFZ450 has been the second-best selling
model behind the Yamaha Raptor 700R. As this sales record indicates, the YFZ brand has won
the trust and support of the market for its overall balance of outstanding performance and ease
of use that appeals to a broad demographic from beginners to veteran riders.

Now, five years after the launch of the original YFZ450, we have developed and launched on
the market the new model “YFZ450R” with the aim of securing a position of “The No. 1 Pure
Sport ATV” by adding the latest spec improvements throughout to answer the expectations of

today’s market. In this report we give a summary of this new model and its development.
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ATV Sports Model YFZ450R
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The snowmobile model RSVenture GT
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1 RSVenture GT

Abstract

The main markets for snowmobiles are the USA, Canada, Europe and Russia and the four main
model categories are 1) sports, 2)tandem touring, 3) mountain and 4) utility-use models. Among
these, tandem touring models account for about 20% of overall demand in the Canadian and
European markets.

In light of this market make-up, Yamaha Motor Co., Ltd. has followed up on its launch of the
4-stroke snowmobile “RX-1" in 2002 with launches of three 4-stroke tandem touring models:
the “RSVenture” in 2004, the “RS Viking Professional” in 2005 and the “Venture Multi-Purpose,”
featuring a fuel injected 4-stroke engine, in 2006. The originally introduced RSVenture (hereafter
“the original model”) won popularity in the market for its performance that was sporty enough to
enjoy in solo riding as well as tandem riding. With the subsequent introduction of new models in this
category by the competitors and other changes in the market, however, calls eventually emerged for
a next-generation model from Yamaha for this category. Under these circumstances, the new model

“RSVenture GT” was developed as the next-generation successor to the original model.
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The snowmobile model RSVenture GT

S EioT

Eu FAHEODRSL B

BFITET VDD THS,  IAFD TETNCHELDBAR—T ¢ — 2} L DD, “EBIC2 AT
Lo LHLDBAR—Y YT F—"2F—a T el TNz LT O BEMEBTHIMEL. C
N2 EBICELRIBRICIEBI LR 2115 72,

@+—1 vtk
PNTEHLBULDBZAR—Y T F—"

@il tLizav 7k
D AR—T 4 —ITER U ZBRDNTZ]
LEDRARR>
iz A L B XU, HE RV 1A E
« 2y MVL ARV A E
2) 2ANTERZELAZHERDWVIZ!
BRI >
cTARX =TT —RRITa HH
I RTaT I 3 VR
T IR ART NI L ANMEH
O\t —0RD DA
3) & EETIVEFA LI
EDRALRR>
EIREGEE L BER T AT T ABE DK
» ERETIVTHERX-1DOFifIIEL BET A—2—DFH
BN BUTIHT A2 AV T ERH
‘LED7—/)V5 1 bMRH
FEEBI N T T

CNSZHFEATRELZRSVenture GTOARFEC(RD ET 4+ —F+—<v 7 (B2) FRXDMED T
H%

YAMAHA MOTOR TECHNICAL REVIEW
2




A/—FEJIV RSVenture GT

The snowmobile model RSVenture GT
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The snowmobile model RSVenture GT
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Abstract

Planning new businesses and new products means discovering “new value” that facilitates the
creation of future new markets as well as pioneering and uncovering new demand. However, in
mature markets where commodities are overflowing and consumer values are also diversified, it
becomes extremely difficult to find out just what is likely to succeed and then to go on to create
and validate it. A particularly crucial key to creating products with new value is how well one
can capture the latent values of consumer groups.

It was the recognition of such issues that prompted the New Business Development Division
of Yamaha Motor. Co., Ltd. to consider developing a tool to categorize “latent needs” in a mature
market and “small groups” that have those needs could contribute to greater planning accuracy
through a series of FS (feasibility study) activities. Validation of such fundamental principles
(theories) and development of a survey and planning support tool has been undertaken
since FYZ2006 in the form of collaborative industry-university research with the Furuhashi &
Yoshikawa Laboratory Department of Computational Science and Engineering, Graduate School
of Engineering, Nagoya University.

This paper presents the results obtained to date from this research.
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Abstract

Yamaha Motor Co., Ltd. is involved in the development of a small autonomous, unmanned electric-
powered marine observation vehicle (UMV) for scientific measurement or surveillance purposes. One
of the essential technologies for an autonomous vehicle or craft is sensing technology to determine
the attitude angles of the vehicle/craft itself. Attitude sensing can be achieved by measuring attitude
angle acceleration with a gyro-sensor and applying time integration to the resulting data. Due to the
fact that integration alone produces an accumulation of deviation data, an attitude sensing system is
normally augmented by means of an acceleration sensor and direction sensor to correct for integration
error. However, the data output from a gyro-sensor contains a bias component that differs with each
power-on operation, and if this bias component is allowed to accumulate without being compensated
for, even augmenting the system with an acceleration sensor will not eliminate the element of error.

In this paper we report on the development of an attitude angle calculation method employing an
extended Kalman filter (EKF) and simultaneously performing a gyro bias estimation function and the

results of this method in application on a UMV.
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Abstract

As increasing attention has come to focus on the capabilities of UGVs (unmanned ground vehicles)
for performing rescue/relief tasks in natural disasters and security surveillance and observation
tasks, UGVresearch and development programs are being pursued actively in Japan and overseas.
In the construction industry, UGVs for unmanned construction work have now reached the stage
where practical use is viable. In this report we introduce an example of experimental use of a UGVfor
unmanned construction site measurement tasks based on joint application of Yamaha Motor Co., Ltd.
vehicle control technologies and Toa Corporation measurement data management systems.

The aim of this experiment was to attempt to establish an automated measurement system, to
test and evaluate the basic performance of a UGVand isolate problems to be solved for practical use,
and to evaluate the accuracy of measurements performed by the UGV. This report focuses primarily
on measurement accuracy. In the first half of the report we give a summary of the UGVautomated
measurement system and comparison of measurement accuracy vs. conventional manual
measurements, while the latter half of the report deals with efforts to solve the problems of vehicle

control using EKF (Extended Kalman Filter) technology.
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Abstract

Amidst the growing demands for environmental friendliness in products, it is also important to
answer the demands involved in making a car that is “fun to drive,” which is the inherent appeal of an
automobile.

The “F" in the LEXUS Premium Sports IS F designation stands for this Fun to Drive and is a statement
that this model has been developed to achieve the ultimate in driving pleasure and fun. Working on
the base of the 1UR-FSE/2UR-FSE engines for the LEXUS LS with their excellent combination of good
fuel economy and low emissions as well as excellent output performance, we succeeded in developing
the naturally aspirated “2UR-GSE” engine specifically for the IS F. This new power unit achieves its
developmental goals of achieving “limitless depth of power,” “Response” and “Sound” that appeal to
the sensibilities and perceptions of the driver. This engine has been developed jointly by Toyota Motor
Corp. and Yamaha Motor Co., Ltd. In this report we introduce this development project with a focus on

these three performance elements and the environmental performance of the engine.
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Abstract
The use of unmanned helicopters such as the RMAX manufactured and marketed by Yamaha

Motor Co., Ltd. (hereafter "the company") for airborne crop dusting and fertilizer spreading has
become widely accepted in Japanese agriculture because of its inherent efficiency in use on rice
paddies and other types of farming. However, recent amendment of laws concerning residual
agrichemical levels in crops has brought the need for farmers to use agrichemicals with greater
care and precision. In response to these conditions, the company has developed a new agrichemical
dispensing device for unmanned helicopters that restricts the amount of drift (blow-off) of the
agrichemicals onto other plants during crop dusting, without sacrificing the excellent spreading
efficiency inherent to umanned helicopter dusting. In this report we discuss a case in which
computer-aided fluid flow dynamics (CFD) analysis of the trajectory and flow of agrichemicals

from helicopter crop dusting was used to show that it is possible to reduce agrichemical drift.
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Development of a heat-resistant stainless steel bushing for EXUP

=iE EA

Abstract

Many of the sports type models designed and manufactured by Yamaha Motor Co., Ltd. adopt
the Exhaust Ultimate Power-valve system (abbreviated name EXUP) to control the vehicle’'s
exhaust flow characteristics. EXUP improves the torque characteristics of the low- to mid-speed
range, is effective in stabilizing engine idling rpm and reducing exhaust noise. Because the
EXUP valve located in the exhaust passage is constantly exposed to high temperatures, the valve
bushing must be highly resistant to oxidation and abrasion and must have lubricity as well.

With such qualities in mind, we tested a “SUT" sintered stainless steel based bushing and a
copper based bushing for EXUP. The “SUT” we tested is the type mainly used in the EGR (Exhaust
Gas Recirculation) valve bushings of automobiles. SUT is an austenitic substrate stainless steel
with a 20% content of hard Co-based particles distributed through the alloy that improves the
oxidation resistance and abrasion resistance. However, when such an SUT bushing was used
in the system’s development stage it made a disagreeable noise when the valve of EXUP was
rotating, and there was a problem of occasional fixation of the valve due to adhesion to the
housing parts. As for the copper based bushing—often used in sliding bushings—it was found to
be lacking in heat resistance, which caused adhesion and fracture.

To solve these problems, we developed a new SUT-based bushing by adding graphite and
varying amounts of a hard particle and the chemical composition of the stainless steel alloy.
After uniformly mixing in particles with highly differing specific gravities, the powdered metal
was molded and sintered. When sintering, the Cr carbide is extracted in the base metal. And then
a cylindrical bushing is made by machining and evaluated for (a) oxidation resistance, (b) wear
and adhesion resistance and (c) noise. From these tests we were able to obtain performance that
was satisfying enough.

The bushing of the SUTG series developed in this way was adopted on the production model
YZF-R1 in 1998 and has since been improved based on its performance on many other models.
Until now, more than one million units of the SUTG bushing for EXUP valve have been produced,

including those adopted on products of other companies’ products.
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A EE800° C2 R L. I EWE D i BN E R EN 2 BT U i@, SREh 72 B8R LTz, M D27 L
ZHRE, RO R 1L RO S BICKORENE D S 728 BIFAM I 10FFLL LERLTWS
HS AR CIZ R PE TV 7288 (SUTG-2, SUTG-3) I DWW T 9% . RN AR 53 & s Uz,
DCr-Nis i, Ffa/KIC 3 2l & PEL | i e B PSS %, BEEDR 113 Co-28Mo-9Cr-2.5Sity
& THY MoE LM A 7 A TR LT T TN EEREME: - Tt PRI SR D B % 7, Wikt RFIC B
PO — {7z Bt & KOS EE 2 & T, B Cria bz it i &8 LIRS N 0 BT 5 85

Icl7z,
JERE OLLE X, A7 U AR T. 7T~T7.9, R 1-8.81xf L, HEhZ 1.7 IEF TN N 1 —

EEDHELL K LEHE D EES BRI RIE § 28 E D B> e, TR Ul R TOhERGRIE 2 2L E ¥
TCrix LM 72 I LTz, BALYIONT I 29 & 2 & Fp O 1 - i 52 am  AMEE R UL 38
DIEOEERERID 2 LS E T ML DMK T I %, TN O ZFERERTAM L CSRAT 2 ML LT 1%
(. iR R - I EERENE 3 KT T L O T, IV T eSS DRt 2> 72,

& 1 Chemical composition of Bush (mass%)

Cr Co Ni Mo Si C Fe
Conventional SUT 15 12 10 8 1 - Bal.
SUTG-2 16 12 9 6 1 3 Bal.

Developed
SUTG-3 21 12 15 6 1 3 Bal.

3.2 Z/oEs

RRRD KT, 57 LR D ¥R B BHRM D 2 H 5L DD AR 2 I 7RI T TH 5, SUTE
L U CRMS R U Tz Fd A — 274 NR ATV UAT, BRI A Crad b i LT3,
Fi2150 p mBL FOBIER A3 BAROEEOBREZ AR SRR SN TO S SKFLHIT IR
DBl TS,

—NETE

Tee, e o .
Base Material ';o ik M‘.‘ A Sfagteam@sesnaélteel
: i : ]
of Stainless Steel ;.‘.-_'}* “,“\ 5 = and Ghromium carbide
i £ £ = N
[ e .':: 2y -‘*‘\:}
S

Hard Particle IR N ] -;\f

f Co B Metal £ b ¥ :
of Co Base Meta c: : Vg_‘

Pore 1 ; -‘x #o
" S

Y2 B
(2)SUTG3

Hard Particle
of Co Base Metal

Pore andFreeGraphite

4 Microstructure of Bush Materials
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m %ﬁ. Development of a heat-resistant stainless steel bushing for EXUP
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33 MERE

M2 ONNMEICE I BHTFM B A —ATF A IRAT Y VAREM TH % 5T AT KD
INTD T ENVT N BT MIRZ N ENE IR D72 VT 2 RS BTV T 5 2 A% R
125 TCRBES TV AMPNT VT F VA% INT § 2 IR KB FHEFA L2 I T 5 A%k
BB 1DITIE M DBWZIRR 2RI A MR LW, R IR R LT BErittid E &
b e B KO B RREUI R R B D3, BHFEM I Coix bV DFTHIC KD EBIT/NEL R >T 0 B,

#F 2 Thermal Expansion coefficient (106/°C)

Temp Bush wrought
’ SUT SUTG-2 SUTG-3 SUS304
RT-200°C 15.0 13.0 104 17.3
RT-500°C 16.9 14.9 13.0 18.4
34 BRMHEE
B2 A ORI 19513 % BRI 2 R3IT R Lo e RO /IS XD BERS # I3 SUTR D6~

9% P0IBTS E11~28% K N9 205 HFEBBEED L THHICEIN TV,
5 IR BETHOIRZODOEREL L TIZZ NI EEETII AN,

# 3 Maechanical property

SUT SUTG-2 SUTG-3
Density Mg/ms3 6.7 6.1 6.1
Apparent hardness HRB 83 70 60
Tensile strength N /mmz2 215 250 180

% (reference value)

=iE R LatER
4.1 HERZ4

T AT OB RIEE IXENEDD, ERFBIOBEA IS A6 NE T RS W, 22 TRAUFM
BT KA EIRE LR 2T 7o 17, idER 13 500°C-100hr, 33X T, 700°C-100hri D b & 2 E L
77o

500

= — Sintered SUS A

42 HEBRER ?3’ OO /
EISICREHR R T ML B ngaiee § oo 0

DRI OFEREFKFCEOMELTHK 2 200 u/ P

P72, bt & LTSUS3 16/ D AT > §: - "

LA H I T CoB- LR HIC & =

D\ ﬂ"—X?‘ﬂ‘/f ]‘%t{ﬁqqo)cr%%gb%'fﬁ? 0300 400 500 600 700 800

§ 5728, L P SUTIC LN & i g Ak Heating temperature (‘C)

EROREZEOD . EH FIEMER DT, BJ5 Comparison between sintered stainless

and SUT series in oxidation test
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= m RS ER I
51 HABRAZESIUEM

SUTE Ebiight, 38K T, SUTG-2, SUTG-3Diiif BEFEE 72 3T 9% 728, SRV il EEFE AR 2 S2 i U 7z,
AR TR, BRUO . GRBRSRA 2 E6IT R, il 3 Bk 2 7« A 7RIS LU i A I e —)uicd
. HEINITZT A AZD LR EO M >T-a—)UINMEEEIT %, it OT « A7 Fhbe—%2—
ICEDFTE DIREANIAE NS AHTH1ESUS3 16D 7T A R EN 28D & i, B S I3B &
Z1000~1200HV T %, EXUPDO HER I CH S 728, CTTHLIPHETHO. A AV R
BT TOAEL AT ASIE RSP TH 5,

Load

Roll Temperature:700°C
P15x22L Time: 1200sec
Load:40N
Frequency:20Hz

Sliding direction

Amplitude: 1.5mm
¢ 24x8L Opponent material : SUS316+chromaizing

BJ6 Comparison between sintered stainless and SUT series in Thermal wear test

52 HERER

B71 BERE ARG R 2 R Ul DR 7 D 7%
WEBD AT Y L ABER M & Kb h D
BOLODEFERIIZZ STV, Tl
N, SUTOEEFERIZHI1/101C9%A L., SUTG-2
& SUTDESICKIT/ 10X TR LTV 5, SUT —
S REELKL 75y BOC K DI EEREE IR LS 550 " T oo sut S
DA —ATF A MEHE RS I T8, A >
*'JT“%ZDO SUTG‘\/')’—X‘\@\ %iﬂﬂlcrﬁ)ﬂdt%% 7 Result of wear amount of specimen in SRV wear test
P& R TV 57D JER ICEN TN EFENE 2 1L T0 5, R TR OMEDRZRD AT L
ADYE T OBERSE BEFED DAL E N2 M, SUTCS Y — 3 BRI 0 L T B 7, REE S
EIDIZLE>TWVS,

50

40

20

Wear loss(um)

hnEiEENEER I
6.1 EBERAE

EXUPICEBIT 2/ VT D#EIE. T AV, T —) =2 Lice—X—SREHc KB RIEL 5 I ToiEE L,
I2VV BXU BEEIRINCES L TFHEITH S, COXSHH & 2 9 2 BRI I T2,
TR D SEXUPHES /3 2 H 0 H U il D IR B a1 T B L & DS SR EN X & CEEFEIE 217>
Tzo i BREE E D IVBZ B8IC /R T, iliiSE I TR/ T, i HOE 71 JTkmEd LIBT3
T, BXU . i3z OEEFEIRED HHTE 2 X5 E LT,
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Development of a heat-resistant stainless steel bushing for EXUP

8 Equipment of Vibration test

#* 4 Vibration condition

Vertical Sine wave 325Hz
vibration | Accelerated velocity 490m/s2
Motion open-close cycle Tcycle/2sec
of valve open angle 0~ 100°
Atmosphere of test combustion gas
Temperatue of Bush 580°C

6.2 EERER

32 SR NT DT LR L INERIIZ L Tl e B L TV B, 7 T THRBIERER T2 D24
DN N EZIE L ENZTNOEFERL IV T 52 ADMMZ A Uz, ETidkh o)L T
BIE S ICHED O ESIDEREHII 21T 572 SN DR ZRSICE L DT,

SUTG Y — RIEMHF M L D s 2V E IS K EIERF D FL 5 3 R A LIS W, RTRABRZ DL L &
W RSB LAV TH S Teo AN IIET T A GGRERIC KO W C & 2 ERR L, B AR
MLz

#+ 5 Result of vibration test

wear of Bush wear of wear of | Abnormal | wear by Total
; haft outer Housing noize adhesion | clearance
outer inner | 3Na inner
SUT A X x A X x X
SUTG-2 O A O AN O O O
SUTG-3 O VAN @) yAN O O O
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7




EXUP-BUSHATREAR T/ L AERR DB 5

S et

m %ﬁ i Development of a heat-resistant stainless steel bushing for EXUP
!u FLHH I
(D SUTIC B2 R A U THRS S, Cri bYW O &R DO 77U KO | A - it EEFEMEIC N

TzEXUPHINEAR 7> L A3z 2 B LTz,

@) Cri Yot iiid, O CrigfE 2K FE R 579, it mim B L PRI IE PR AR D ED D, hn
BB AR Tl e KRN S 7o RTM EEFENEZ M) L X HFM & OmfEEE T Tld A RN o
T\,

() BRI D7 EE B A AIRIC KO B F OREZIA M TFMANOBEE LGS 20 5 AL
bNniz,

L EIDBAFMIZ ENT AR B BR) & OIL[E B CREFF 2 IS L0 it oI L Clda A
YT =215 TN 5, 19984EYZF-RIDEHADSIRED . SHETI HHEHZ WA TWS, Z LU THFEM2
e L, R AR —Y RETIVORPEFICHER SN, TNETIC100 5L AEEEN TV A,

WE2E R

1) JAIHRZREE, EAFE  BIirmFRaE 77 = HILLKR—FNo.6, p.2-8 (2007)
2) SRIEHZRRR, BEiaie BTk T2 Z//V L 7R—bNo.44, p.31-34 (2005)
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" "% TheInfluence of Port Fuel Injection on Combustion Stability
L e DA/ T\l |

ﬁfﬁ‘%ﬁi Mk R— MESH KEAE

Abstract

The demands on internal combustion engines for low emissions and fuel consumption are
increasing year by year. On the other hand, engines to be used in motorcycles need to provide
high output and quick response to meet user desire. In order to realize low fuel consumption
while keeping high performance, it is necessary to properly understand cyclic variations during
combustion as well as the influence of the injection system on fuel control during transient
periods.

The current paper reports on the results of a study in the influence of port fuel injection
on combustion stability in a small displacement motorcycle engine, using both a series of
experiments and CFD. The parameters of the injection systems under study are injection targeted
area, injection timing, and fuel droplet size. Considering experimental results and CFD results, it
is shown that the cyclic variations of combustion can be correlated with the inhomogeniety of

the mixture distribution in the cylinder and around the spark plug.

C3=

RSB 2HE R BRE D ELRIZAEL L E>TE TV B, ZD— /5 CoEB—2—T AUV
YIVNCR ZOREMENSE ) B L AR ABRDEN TS AR B L mPEREZ fi1 . 572801
& BED YA 7 )V 2280 @I s D PRI 6 ™ B M R O B 2 iR L TR e ML EA AR
TH%. AWE TR MR BEE—Z—Y A7V TV NTBF BB g % R — Mg O
BT DWW, 28R ECFD (Computational Fluid Dynamics) IZ K DR LTzAS R 2 H 9 %, afam S N 51
BRI, SR DO, WERHY BORHRIE Y A X TH 5. EEFRGREFHRM R 2 EL T 5T LI
X0 RNBETT 7 EHEDIRE KON — DGOV A 7 )V BN B 2 5 A5 hREN S,

(ZC&IC B

PIRARERE DRI LT R B E0RVIZ BRBER T XL F — DS DI D ERELES>TETV S,
I R — MEH T VBT R B Z BT 57000 DDT A T4 7L LTHIENT
W5, LI LS RBED T 1 7))V B DT b IS T ORIP? IZ IR 5N TR 0 RBE e 2 4D
TEMESCEENT VD, Z DT TS DR 2 MEIL T 7T, Z NI, ES5R->TRETWS
DO EIRT BRI REEZS>T VDS, HBHT Y Y T B W TR O CAN A LR CFDZ FW3 T
LICKD I IRARB I OAREEOREIC OV TELDOMIRARE TN TVET Y, LA LA
5, B—2—Y ANV IT I NTBEDIXE DR,

E—2—Y A 7)UiE, HiK OB SEFRDL AT MTHIBRDM KR E WD FIFHCAR—YRD
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he i L : Y

HIZBO T, AL ER D2, v a— b Aa—7 DL A 7T M2 W0, 2O DI A RIE
DLEMNZHMEIR T 5T EDHEL W RFHERF OB FHICAR—Y RO BT WTHEE LR MO
JEHDOEDTH S, DX BRI ED S RBED Y1 7 )V AT 0@ IERF O BRI 33 2 R D
BT ER T B ER I R,
AR TR IR BRE— =Y A VIV D BT B e PRI B R — M 58 %
FhRE CFDZZ FIW G U7 s RA ce LT LU P Og 8z il LTz,
(DGRBS OAE (AR — b LB | lil&OR— 2 W &R — o7 )L 7 8K )
(2) W EHREHA CRARIE 2 DY 50 L 7 Bk 2 I @i U O G ED, AU IV T DT T 256
QY BREREIGY A X UREA > Y 2 72— WRALD B WA > Y 272 —)

AWFE T, L D> 2 N— AL LTk &1 #HRHTYY VT
RAZA A= WKLY VBV fRTY [R7 x A 0 — 5| 730mm=596mm
VYOEAHTERRNTRTIMO THB, SR | 772707 R 116.0 mm
B o B = =2 249.4 cm?
TN RIF AR TH S, TOFE L czRAC M |5 3 e 9.7
[l i e INVTH—=IN=5 v THAH 48 deg
N 17 7 £ Intake 2 & Exhaust 2

x®2 EHRFET

nE 5 EN 1 2 3 4

R 5 W fii B | |RAR—bLEHRE | @AORS/VIRERE | FAORS/ NV TRRE | REAR— b _EREE
BOEFE O R 1-Jet 2-Jet 1-Jet Hollow Cone
mE a5 b=:| 18.5deg

mE = b=:| 5deg 5deg 5deg 45deg

& &t £ 0.3 MPa 0.3 MPa 0.3 MPa 7.0 MPa

S M D 120um 130um 120pm 30um

1 PEATZRBTRRE
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The Influence of Port Fuel Injection on Combustion Stability

SR 1. 28K 03T EKDPFI(Port Fuel Injection) THWHNS A Y 27 Z—7% W, 1§
FRATREBAACLD R NA 2T 22— 0Tz HSR1E4TIERHI AR — OB Z
RS> THEFEN S, EHFR2 T, W7 OWRR— OIS IV T R Z IS > TIRIDIES S
%o — 1 EHRI T, A OWSR— R OWA LT R 72 4 5 > TR IS E N 5 R 7%
DU TEIRIRRIEZ RIS Ca—2 7 TV r— 3> AR BD L —Y Y EEhL 5 2R 74 I e 2518
FLDSA-1500 A JIC &> TSN ZMEFL F50mmTOSMD (Sauter Mean Diameter) TH %, &N
PNTIEKISTLER#ESY JERHN)E 223 —T6053C) % Hw . BABEMATIC I/ NEF I AR CBR) O IRRJGEfAAT
VAT L\DS-228 172 A Tz MWL E PE DRI X PR Y430 71 (NMEP : Net Mean Effective
Pressure) DZH# (COV : Coefficient Of Variance) 7z fi\ 7z,

AN TS NS EBHRIERIITIRT KD, %3 ToUVEEEN

[BIFEE4000rpmDF D BRI TOERTHS. W [T > v © @ & & 4000 rpm
ARIE AT ML SV TS TIE LT, R f g Tf; NMEF 500 ~ 700 kP
BRORERVIRD FEM EFERRT(BCTDC) 240deg [ @ & & 30, 80 °C

S N T z PR b = XN B HA MBT
LU S BED LB T AMCED e | 2 5 740 den BGTDG

LZEE DM RHNICH FOFHFS R VEMFE LT
i UTeo RIFIN 2558 #2 T OMBT (Minimum
Spark Advance for Best Torque) T %,

BE R EBRREHOHERFIF S r———

R AR B KO mMAVKIRIC K A TV UV NDORE R 7 D22 iR I %728, CFD%
WTBRERIR <RI DR B IR B0 2 fENT Uz, s PR R E . RIITR LI IR SA T O h I &, BRYFE
LREENDEEZMH TE B X572 ATZ (RASHD

x4 HEMLHK
AR TRAARSH O
= R "“fgék - D%i?g?rﬂécﬂ degtﬁ'ﬂgc
A L 80 240 60
B 1 1 380 60
€ 2 ) 240 66
D 2 1 390 66
E 2 30 240 64
F 3 80 240 64
G 4 T 150 62
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FHAICIERICARDOE S 7 h 7 = 77 TVECTIS 1 2 Fl W Iz, Wi %58 id DDM (Discrete Droplet Method)
KON, WIREEH)IE Bai-Gosmant 7 )L Cat R E NI SLNET INICIE k- ¢ BHEET )L Z VTS,

RIS, LYV VEFIVEHBETFIEICOWTHAT 3, TV YV EFIVTIE. Ay MWL iE XD
FIROWAE . AR — MR EB LT A — DR ET IV LEN Tz (B2 1), Aay ML
IWTTBIRZDEDIZET INEEN TRV, SHIOFHHEICIB W T, Ay ML)V TREEIS A LR
172 58 UTeo WIS B KU B SRMCIE 1 JoctkfEs 2L —ar TRO YR ORRY| T —
2521 stETHW A VY 2 72— BT T IV B IC R 2EHRIRE . LDSAIC K 517V
V72—l F50mmTOSMDZ LI A EAA R EDZ LTz,

B2 EHEETIVOBIEE

ERLEE
4.1 BREREY

R 3124000rpm, AFR (Air Fuel Ratio:Z¢#4Lt) e
14.5TCD4DDEERICH T ZNMEPDCOVE R o WRERS e WATR

T MR- MCOBME RS LINR3E, % ]
RIS N T PAEO BRI B Ce &
MOy INB. —Ti CORMETRIMEALDRVAY 2
Uxya— RO BN THREIC S 5
MHIEORERE - T, o
300 400 500 600 700

NMEP[kPa]
AFR 14.5, %#17K:8 80°C
H3 aflcksRE
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E4124000rpm, NMEP 380 kPa, AFR 14.5IC35(F Z2NMEPDCOVIT X9 B IE SR D2 872 7R 9,
WA — b EifiEE 2 a5 5 oA T R RN 2 5 NMEPD COVIZ N E BAH TIEIE—E L 75> T
W5 W50 VT L2 R 5 S TSR 2, 3T, RIS KONMEPOCOVAY A LTV 2 MEHt
XD D5, TS EEE L LD SRAU SV T ETOMEEZE RS 2 & AR TR IS
ERTENICHRA T 2 K5 HIEHIFINCHISE U TV 5, SOBERRFALIINT IO TR BRI K 2K
AR TORBELEENDRE L NEDMBAED R OA 2 Y 2 7 2= PO T BSR4 TE T TR
AR D E R NIC TR A S 2 S R C AR B T ORBE L TEAE TR EL 2,

B51CW50 IV T K2 D > T EGHERRIC 1 2 5 HVKIRE ONMEPO COVAD 7% 719, T
DM EER T, EREER T, RIS, AFRY— AT 2@t D BIL D BHE TH %,

‘+ﬂ§§¢%1 -l EHR2 A EBHRI -6 - BEHR4 ‘—0—80°C --A--50°C +3o°c‘
25
! i 50 A
Al G o} A
:,. :,- A\ 40 E.__. g 20 — //
L —m ‘ 30 = b5 LI »
,' ] 4 s 7 7
20 5 z ‘/
> o 10 1= B
10 O > P /
(@) (@) ] K
O 5 ] A
0 = A _‘.-"
720 540 360 180 0 0 -
IS4 REAE5 A [deg] BCTDC 11 12 13 14 15 16 17 18 19
AFR [

NMEP 380 kPa, AFR 14.5, 3%17K:& 80°C

&
4 TESHESHAIC & BRI NMEP 380kPa, AFR 14.5, 513 2

5 FBHIKEDRE

4.2 1RIGHARD

BRBETR & RBE 22 M E DBIRIC DWW THINT T %, CTTRIHRERIZ. R TOHBUSICEIIZEDT
H %, E6i%. B EHI50-10%H M ENMEPDCOVE D% 19, 0-10% R AMH T B I DN, 4
B2 EPEIZEIEL TV, [Al—0-10%01/ T TNMEPDCOVDIE I LB R B71C, PAKEE
£510-90% B ENMEPDCOV E DBRZ 71T, 10-90%HIAMH T B I DN, b2 E b Bk LTV
%, 0-10%HIRNC EE[A—10-90%HARIC & ZNMEPDCOVDIEIZ I, S DS S MBTR2E S L
PR O EHEIE 3 LR EEOE (L2253 DI TR RN e yh 5, DD, &
PRBEE CTICHRERNE DD 2 0, ERRBERHIAE TORFBIDIE S D EMWNEL ZOREMBEER T RV E
WO DFAET B0 R WG N D R E L, FELZ5 L Bt e kD 2B b4 5, —
i ERBER O BB, 3B E TED B b 2 87257 O T B LETEIC 5 Z 5 BT R E WV
EHENE NS,
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e ESIR1 WIEHIR2 A WSR3 @ WHR4 | (O IEHR1 BIEHR2 ABHR3 © WHR4 |
25 25
<20 - = 20
o o
ho45 - - W 15 .
= A z 2
s L S 10 &m
5 10 L ° R
8 iap 8 s X
o oy Lo ’
wel S ® 0
O p
0 10 20 30 40 50
0 10 20 30 40 50 60 70 80
MFB 0-10% Period [deg] MFB 10-90% Period [deg]
6 IRBTEERE 0 — 10% HAR L AR EE & DRAR 7 RIREEEIE 10 — 90% HAM &R EM & DRE%R

43 REXNH

FRFER KO R OB E SRR S IS ARG eI B2 52 T0 AT E D
REN Tz B OZABIZWSUR — M N ORI BORRERRAL i SRR 1R 2 U TR I3
WERENDORA XN EZ 5 2%, T 2T, HHRICK DO ZLITIRE K i L GRD H S
LEZBEND CNERGES 5728, CFDY 2 2 L— 3 > B Ei LIRINORA R D2 N Uiz,

B8IC & TR ARIC I B UK REHANE D R NS ZE L i 72 3 3 NS I RIS 3 2 SRS T O
NMEPDCOVE /3T o T —/N\—DkaNAFR14.5(HE% /R LTV %, M, KT 7 IEGHRETIVIE
RIS ENTOIROD AR IRICEE SN TO S L ALB.GICBWV TR IEEKDOE— D E
WIEDER D, £T2TNHEMTONMEPDCOVIZIAIC1.8%. 3.1%, 3.9%& LRI/ NS i Th o Tz,
— 75 . NMEPDCOVA LI i D > o ALAED, E.F (ZNZ 11 1.4%. 7.1%. 8.6%) Tl IRE KD —
M EV, SN SDHEREID GRAKDE D @V ENMEPDOCOVIFEL %0, £z, NMEPDCOVAH
FODIRESROE— MR LICBRL TV S E E 2%,

TR R OFE T KON R TO0 L RAUR— b _EfRRER RS S TR 1 TlEL BB W
TSR A 5 9B ZE LT e, S AERRA DR N DRG0 i DMEBOZ e Z
EAERICHTHZTENLHIHEN S Tz KR — b LEEZ RS> TV AL ki b 2AR
BRI ORI EZEC X > T —RIRA XN Z REL TV ETLERL TS,

R ADIERRG Tl IR D/INE TR BRI DA &R — S SIS E N W AUOR— RN OB
DAFEL TR EDRAMEATVS, Z LT, 2OV EE S HEAXDRAR— M SRAANE
HBATNTWS,

W VT R QDS T ESR2 TR, FERICHEWO TSP RE R R 52TV
%o BRI L EME N L 752 % X 5 TSRS BE SN LD Tl TR N IR A S S ) o B — VR
FHCHESINC IR DIRA KIDMFEL TV %, — 5 BB ZEEMED B <755 K5 SRR E T n AL
FRCTIE, RN RICEB O TRE XD EERZHR L L 72> TV 5, EHICIE, BRI D) 2 —BER 5D
EEKDENTED S (EDEIZ BRI RS T E A REN TN,
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Tk A {£#kB fEERC
Intake Side Intake Side Intake Side
“
Exhaust Side Exhaust Side Exhaust Side
B R1 TESR IE5%R2
SOl : 240deg BCTDC SOl : 380deg BCTDC SOl : 240deg BCTDC
AR © 80°C REIKE © 80°C KA © 80°C
COV of NMEP : 3.1% COV of NMEP : 1.8% COV of NMEP : 3.2%
{£#kD fEHRE {LERF
Intake Side Intake Side Intake Side

-

Exhaust Side Exhaust Side Exhaust Side

L= EV) 52 TE5%R3

SOl : 390deg BCTDC SOl : 240deg BCTDC SOl : 240deg BCTDC,

AR © 80°C AEKGE © 30°C KGR © 80°C

COV of NMEP : 11.4% COV of NMEP : 7.1 % COV of NMEP : 8.6%

1RG
Intake Side
. | |
a PLAME:Fuelfair ratio [none] 0.15

Exhaust Side

L=t E — N

SOI : 150deg BCTDC AZ—N=RT—=IV

7BEIKIE : 80°C
COV of NMEP : 3.9 %

X8 sAESHAHADRPIAZELES

91, H:ERC. DOIVC (Intake Valve Closed: Wk VT B I T B W5 ML 7 il 72 38 2 Wikl |
DRI 72 RIS A B K CHWIRE S & —FIR T o i DR E7RE W, HRRC TR
SR — IS U DEE LR DI U T AERRD TR FANICHIA D 5N A2 22 TH 5. i D
VT ARRC TR ASNA WD ALERDICE W TR XV IVT FOI) X —BHRIEDN RSN %, Z
LT KRB O THAV UV T FICALBN S IEWIEG ST, SO DL E 25N 5. Th
L0 e UTRIMNICE A XN B EEER PRSI A s N A RN RN T i B3I h x
RIS A TR B KU DA B 2 8 LhSER T B B,

RO ({L4%D>
EETR2 IE5TFR2
SOl : 240deg BCTDC SOl : 390deg BCTDC
AHEIKE © 80°C AEIKE : 80°C

®9 sV THiREE S ME EDOMRZELES . RIRESRE L URIRES 557

YAMAHA MOTOR TECHNICAL REVIEW
84




RIRREMEICEIEF— MNEHOZE

=i The Influence of Port Fuel Injection on Combustion Stabilit
£ ¥ i L : Y

"
¥

Mg % 81 & WAL & W S0 IV T DS D R EEZ 75 18 5 & BRI 7 D &0 L 7S EI75 LIATNIC
TA T ZRHEE10D K517 %, BT FALARE (SOD H'530[deg] BTDC D& 5 HARIE Z X IZIZTVO
(Intake Valve Open: Wi SV T B LTI ENZE LoD %, SOIAY390[deg] BTDC D5, ek
PNV T N\ORRIEZE DR FIZIFIVCE TICH 19 0 ik Uiz &k 51 (R4Z D) . NMEPDOCOVIZ -5t
WA D [ THEAL L T 5 AL E M AL 3 2 WS IREIH I ORI 7 W U TRE R R IS I
FIRALTLBEMHCBRL TS,

WHIKIEAMEO S (ERRE) RS KU OB KR D E W (EERC) & A D S7a0, L
L RS RIICB I BIBRD A2 IOKEL A>TV B, TORGXICE T B8O A — LD %
ENZE(E I TN BEZEZILNS,

DL EKD CFDICKBIRE X ZH T B k0 IV T T2 b > e RICB W TR, kK
TR U T ME S R OB C DIABE 2 E TEE L IR S A RICER § 5 E 25N %,

MEESH SR 3D HBRF I ARV E A SN B WAR— MINC O EL > Tl B X0 i 2 /R LT %, K72
KT ST E£DDIIE, bR THEWVIEARD M BFET 5, COCFDAGHR & BRI KO il &R —
ICBERIE ST 28555 KT T 7B X ORI N O AR RIS D BBt Y A 7 )V ENC S
GO LTI 5N 5,

Crank Angle [deg]BCTDC

720 630 540 450 360 270 180 20 0
Exhaust.Stroke

Intake'Stroke— 100

501240deg - O o i 20
S0I390deg —> O— O /v A 50 —
SOI 530deg — O O f——n 08
60 &
4 50 2
40 2
| o—O st 30 S

| o BREZFOREEAE | | 20

10

0

720 630 540 450 360 270 180 90 0
M SYB4AETHA [deg]BCTDC
10 KRREFERSY VIV T RIS & MRS RE M LIFHA & DRIR

44 BIRE

MR SR IS IRBE LR PETE T T TS MEREIC BB 2 5 X %, £ T T 2 D B2 mNciiE I %
728, CFDIC& B T2 VY Wk B Dt 211> 7z, B11ICCFDIC &% R — b NERRHR I & OHER
2GR — b LRz 225 o e WS ((EARAL B) T, MBI A 597K — b IARHIR B 5 3
PRI Z 00 IR I R TEIR U TR, SAUSEIEMEREN DB RZRE NS IR 7 A Dl & U
T IVOMHEICH T 58 DZBN2TR T, MM RHAE D EZE T 2 A0E D SW SR — M IERIC TR
JRDMEAEL TOB DD D% — 7 W IV T AL 72 425 > T (fEARC, D F) Ti&, R— A
g X LR D T O TOBTETERE IR RO CEDWIR EN 5, — 7 AREER (HEBRE) TR R—TFH

YAMAHA MOTOR TECHNICAL REVIEW
85




Lo IR EMICHSITBR— MNEHOZE

=i The Influence of Port Fuel Injection on Combustion Stabilit
he i L : Y

PRRRR I &3 IR Z O O T OB MEREE L MR ZE NS AL A > 2 2 72— AT LT 51
R— NSRRI R R DPFIA > Y 2 7 2= LI G K0 DD TH 2O T @I MEREd
TR ENS,

— A —— B —— {t#RC ft#:D
— ftHRE —— {HHF —— G
‘go\z n e L
£3 NI NI N AN
g \_ {
=%
£} I\ >
A AVIIRWIRW RN - S—

0 720 1440 2160 2880 3600 4320 5040
Crank Angle [deg]

11 BALERD 1 EHE TR LIRDREEDHTS 12 R A I2EB1F 5 IVO FHARHEDRIRE & 537

FL5

NIRRT =T A 7IVI Y I NI BIBELE IS 2 PFINS R O 558 2 J ik & BUfifi i
Fric&k>TME LTz, DL FOHIR 21572,

1 AR CORPELETEE RN DRSS K g N5,

2. RN OEA K&, R— M CEE A CORE 22T 5,

3. WS EE TCDORBE 2 PRI 3203, CED TS b NAIRE KT TEMEMISHIITE %,

4. iR LTS RITIILL F DO XS %R N B 5,

WA — b EIREEZ 25 o Te S TIRABELE I 9 S T DR8I N E WV, Thid, i1
KRBT BANESXRDOE D TRV ICE BB ZBNS, 12720, R— AR
WS LN Z D O T OBTEEREN DS BN R EN S,

IV T R 2 RS S TS T A TRICEZE DN ERERNISEA SN RNWE LIV T T
DIEH 72 5IX R EMTTOMBELE TEANDBEIL /NI, Fiz, R— M BRRHR IR R L) b 7x
WOT, EEMEREIE RO EIRFENS,

WS TRAIC W 75 DV ERZ IR IS A SN BRI Wik L 7 3k i 2 R 5 - Te S T KA
o CORRBELE PEEAL BN & 75 % . COWESFIFIA T hift A > P 2 7 2 —Z O TE AR EfT
TORBELETED G T T 5, 2hUE. RN DIRA KU = DI EKE EE 25N 5,
7272 R— R BRI R LU D 72 0 O CLOEPETEREI RO eI NS,

W5 NIV T BRI 72 425 > TS T ARBER « (K £ C D RABELE M AL FRC. AFRY— 2l
TIRBELCEMEILIZIEE TH D, CNUE. ENDIRAR O R R OB MM EREE #Z 25N 5,
[ERFIC, R — DN BERRA IR R S LERE 2 O O TS TEREN D BN E S NS,

R — b DBANOBREIESTld AL E X T L T %, 2hid. RN DOERA R A DO D5
KL TW3EEZLNS,

TEPRE DY INE WS TIIABELE PEDY B SRR VD IR,

YAMAHA MOTOR TECHNICAL REVIEW
86




MRREEICEITER— MEHOZE

The Influence of Port Fuel Injection on Combustion Stability

WEE 3
1) Hiroyuki Tsuzuku, “Improving the Fuel Economy of Motorcycles”, Yamaha Motor Technical Review No.36
(2003-9).

2)Inoue T, Matsushita S, Nakanishi K, Okano H, “Toyota lean combustion system: the third generation
system”, SAE paper 93087, 1993.

3) Y.Hardalupas, A.M.K.P.Taylor, J.H.Whitelaw, K.Ishii, H.Miyano and Y.Urata,"Influence of Injection Timing on
In-Cylinder Fuel Distribution in A Honda VTEC-E Engine”, SAE paper 950507, 1995.

4)N.E.Carabateas, A.M.K.P.Taylor, J.H.Whitelaw, K.Ishii, K.Yoshida and M Matsuki, “The Effect of Injector
and Intake Port Design On In-Cylinder Fuel Droplet Distribution, Airflow and Lean Burn Performance for
Honda VTEC-E Engine”, SAE paper 961923, 1996.

5) P.G.Aleiferis, A.M.K.P.Taylor, J.H.Whitelaw, K.Ishii and Y.Urata, "Cyclic Variations of Initial Flame Kernel
Growth in a Honda VTEC-E Lean-Burn Spark-Ignition Engine”, SAE paper 2001-01-1207, 2001.

X l \ / l : \;:"'I i
ik 7— FAEH S8 Bk =

Shouichi Kato Takanori Hayashida Minoru lida
MCE R ATRRATHTIERR J—RL—R&OFHEER  O—RL— MRADHFHESD
CAESRERER INT—h LA VSRS INT =LA H5RE

YAMAHA MOTOR TECHNICAL REVIEW
87




2008.10.16

ARXET IV AT LREFEZAB L
5 MEEERNSGA—2—BERE

Fuel behavior parameter optimization method using the ARX model system
identification technique
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Abstract

In most fuel injection controls for automotive engines, a high precision air-fuel ratio control
is used to accurately control the fuel injection volume in accordance with driving conditions
using the fuel behavior model. This control technology is also implemented on Yamaha Motor
Co., Ltd. motorcycles with fuel injection systems. However, it is difficult to carry out fuel control
parameter optimization as it is extremely difficult for this control to measure the amount of
injected fuel that becomes adhered to the intake pipe and the amount of adhered fuel that
is taken into the cylinder. Consequently, we have developed a optimization technology that
can achieve precise parameter optimization in a short time span using a system identification
method that analyzes the event statistically using measurement data in an attempt to solve
these types of issues. This report discusses the optimization technology used. Furthermore, this
report summarizes the actual running evaluation results for fuel injection angle and temperature

effects.
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Abstract

The rise of China has hastened a global collapse in prices and, coupled with the prosperity of
the BRIC countries (Brazil, Russia, India, China), has resulted in domestic Japanese corporations
moving their manufacturing operations to overseas markets. This has caused a hollowing effect
within Japan with calls for the revival of Japan as a country of “monozukuri” (product creation
and manufacturing/craftsmanship). The motorcycle business of Yamaha Motor Co., Ltd. is no
exception, and while the company has sought to strengthen its overseas production bases, it has
also pursued activities to reduce cost by half domestically and has endeavored to raise the level
and build up its manufacturing technology as the mother plant. We have instituted activities to
reduce cost by half on the line machining the one-piece crankshaft that is mounted on V-twin
motorcycles and present that case study here.

The one-piece crankshaft for a V-twin motorcycle comprises a single piece with a sprocket
on either side to drive the camshafts. The teeth on these [sprockets] are cut by a gear shaper.
Typically, on a machining line, gear cutting was the bottleneck process due to its long machining
time. The occurrence of burrs after machining meant that dedicated machinery had to be used to
remove the large burrs and then any burrs that could not be removed were filed off manually.

We have now developed “A high-efficiency burrless machining method using MQL (Minimum
Quantity Lubrication)” which has halved cycle time and eliminated the need for burr removal,

the details of which are described below.
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: Mechanical and Corrosive properties of the CF Magnesium Die-Casts
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Abstract

A “CF (Controlled Filling) Magnesium Die-Casting Technology” was developed for
manufacturing large, thin-walled magnesium parts for use as structural chassis parts on mass
production motorcycles. This technology is a further development of Yamaha Motor’s CF
Aluminum Die-Casting Technology, a vacuum-assisted die casting process that improves not only
the soundness but also the mechanical properties by decreasing trapped gases in the cast. The
specific fatigue strength achieved is 25% stronger than conventional aluminum die-casts, and it
makes lighter designs possible. Impurities were minimized in the casts to almost the same level
of weight loss as gravity-cast AC4CH aluminum and to a remarkably low level in comparison
with that of SPHC steel. Furthermore, it is possible to attain a sufficient level of corrosion
resistance required for exterior parts with appropriate undercoating and painting. Based on the
experiment results, a CF magnesium die-cast rear frame with optimized part design and joining
structure to prevent galvanic corrosion has been utilized in the mass production supersport
model ‘08 YZF-R6. This paper describes the mechanical and corrosive properties of the CF

magnesium die-casts.
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