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The Challenge of Borderless Product Creation

KiE 4t Makio Oshio
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In the 1980s, Japanese industry set new world standards in product quality, cost
performance and just-on-time supply that boosted competitiveness so much that business
experts were beginning to speak of "Japan As No. 1." Entering the 1990s, many countries
looked at the Japanese example and began programs to catch up with and surpass Japanese
industry. Meanwhile, Japan's economic "Bubble" burst and the subsequent inability of Japan's
companies to create new corporate value since has led to a rapid decline in their international
competitiveness.

Lately, the Japanese economy is suffering from a self-perpetrating deflationary spiral in which
the negative effect of the recession on sales forces companies to reduce product prices, which
in turn reduces net sales and worsens profitability, resulting in reductions in employment rates
and personal income that further discourage consumers from spending. Japanese companies
are actively shifting production overseas in attempts to reduce cost, which further promotes the
hollowing out of the Japanese economy.

Corporations today have truly entered an age of borderless business. In order to successfully
compete in the 21* century business world, it will be essential for manufacturing corporations
like ourselves to constantly take on the challenge of improving our methods and quality of
"product creation" in a comprehensive sense. We must not allow ourselves to forget that this
will be the foundation for new corporate growth. Also, it is increasingly important to strive to
perfect Yamaha Motor Company's own unique "product creation" philosophy and capabilities
that will find acceptance on the world markets while also creating sound short-term and long-
term business principles and corporate culture. In the end it is human resources that determine
the quality of a company's product creation. We therefore need to nurture active "enterprising
employees' who take personal initiative, and we place high expectations on the intellects of all

our employees.
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Collaboration on Engine Research with Foreign Universities

*'é' {2— Shunichi Kometani
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Universities can no longer shut themselves in an ivory tower. Most research activities at
present in universities depend on liaisons with industry. In the field of engine research, the
collaboration between universities and the industry can be divided into two types. One is
the type in which the industry provides funding and technical assistance while allowing the
researchers a high degree of freedom in the way they pursue a given research target. The other
type is one in which companies literally outsource the development projects they used to do by
themselves.

The measurement facilities and software used in current engine research are becoming more
sophisticated and convenient year by year. However, solutions for core technologies of next-
generation engines cannot be derived simply by pressing the right button on the right machine
or computer. Clues might better be found through the process of the construction of hand-made
test devices in a creative laboratory. Based on this belief, we have developed two joint research
projects of the first type.

These two projects include a Homogeneous Charge Compression Ignition (HCCI) research
project with Professor Foster of the University of Wisconsin, Madison, and a project investigating
air-flow, combustion and emissions in a 5-valve motorcycle engine with Professor Arcoumanis
of City University, London. A report on the former has already been published in this journal, so

here a brief summary of the experiment results in the latter project is given.
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The Challenge to Create a Suspension for a High-Performance Automobile (Audi RS6)

RH BL=  Seiji Sawai
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In 1996, Yamaha introduced a linked function shock absorber system called the Relative
Absorber System (REAS) to the automobile manufacturer Audi. This Yamaha-original mechanism
received high acclaim and has since been used on Audi's high-performance RS6 sedan and
station wagon models (called the DRC suspension in Audi applications). The RS6 was first
unveiled at the Geneva auto show in 2001 and production and sales began in 2002. When
applied to the RS6, a model characterized by a vertically mounted engine in the front and the
smooth handling character of its four-wheel drive, the DRC system helps make for sportier
handling, while at the same time providing a more comfortable ride. Thanks to the high levels of
performance it achieves in all areas (engine, suspension, driving pleasure and comfort), the Audi
RS6 has been extremely well received, even being likened to a "four-door Porsche Turbo."

Here we introduce the development process of this unique system up to the point of its
adoption by an overseas automaker, as well as the creative passion of the development staff and

their development approach.

ZI [FU&IC B ——

1996 Y < NFEEREMRND 7 7 T4 AN Ul B e 99 7 7 7 —) 2 X7 REAS (A
1) (TUTe%FDRC : LR 7T ttmlFOE D% DRC EFESR) X, MfHHEHO A =X LL
HRem<AHmE . WBEtietX Y/ AT —2 3>y IdVTH BT T T4 RS6 DY ARV Y 3 /ER

YAMAHA MOTOR TECHNICAL REVIEW




&Nz, 7U70 RS6 . 2001 FEDV2 3—T 2 a—TRESN, 2002 LRI RIIKLE,
DRC . 774 HORMTH ST Oy MIERE LY YV LATY M BETS 7 (URET) 0%
BT RRRN IR, AT BEDALEBISEILEE, [ ED KA IGER D LR
FMt L7z, 771 RS6 &, ZORSNINENERE (TP AR T a2, Pk, JEits) »o.
[ARTOFRV Y 22K | EEDNTEIMDTUNTHS,

CZTIIENTO DRC BRHHICRS X TORRBORMELEIT, BHFEAZYTONE, FHREOMHNZ
YT 9%,
ﬂ LEFEICHHET C EES—

REAS OHEAJFPRIE 1991 4EICE L TN, FRH - AWD BIHE UT 1997 4ELL R HAE N I 52
FitEniz,

FF i REAS DJEfiZEZ 5L, AbTw MUY XY Y 320D REAS DB E LI D,
Pk - aA ORI S iR R IR E#ETH Tz,

W, YUV ELUTHALIZTY V70 A4 13, TDRC Z{HF TN | EE DA D DIVFY
VIYAR T a REETHY, HIKHNT FF ik DRC LM ER T TN TEBHTH >, FFHA
2y I EANACR S ERNCHET T 75 ¢ A4 12 DRC ZHO NI TLE >, 797+« Ad & DRC
LOMPEZROOMTIESLL, FF O TOY MAE—ICE BT VE—AT T %, FEA=2a—F
IWAT T Z T, e, a—FV T ORI Z A VICER TS EDNER X AVICETBEN,
T ENWIR R AV InoTz, [FFHTEWTS ! | BAFEAZ y 7I3EWER AT,

Z DT TIZ DRC N ER -T2 7 771 thid, TAIV T AT =5 2 7)) —T R Hifhif (&5 % 8
UTC HudifZITR2 LT, BEIch, 7Y TAHNDT LT —2aicid7 U7+ A4 Thi
BLTENTE, MR LA ROYDLHINET I TAEDY ARV Y g S 32— vy —h
5774 A4 77 M aTOTAMEEEZIFRT LN TE,

ﬂ BRM A —H—TF R SDEE = 2 )V T IV T U 2 I vmmmm—

HL2DELImNT 771 A4 77 PO\ DRC HflAHFAEN, VYINEHTARI—ATDTAY
BoRINT=0B, BHREAZY7IZTA MBI ETICZOO—ERN\ 2 HE O T A Mg >Tz, 7
T TN Ea—NFFBIAENTZ A4, A4 77 badD2HIC DRC HMHMAEN, TARD G N T,
[O—<f | DWAERT Y FA T —Z TOBEETARD%57EM LT DRC OMEREX. 77tk
DFAFIYE R T licElR e Tz, =<V Y —F 9 FTORPGNRI T8, K
RZ2HIBIMORTRD LW 7B TOLE LIE D AIRENINE 57z,

ZO®%A LI T2 2y FDT T T4 ARKENIEDIAENTI DRCIE. AR—YRATDTIT 1 S4T
INVINEBREEN, BWUND A —A—H—D T2 E DAL L CHUIE= 2V IV IV I F—)UR

YAMAHA MOTOR TECHNICAL REVIEW




I—ATHOBRLTANENT: (B2), 7UTrttk
DOEAEBFT T ORHililI M T EA -7 h, @O H
ADA—IINA A= —DEHIEH TR NARE
BEY AR a T l, 7T N TERNER
HEFTEOD DT,

K2 Za)lFIoury (ZY—FETRES)

miZEDFER C s—

4] DRC &, #5#% i gk coOMED nfRe i fH#E 2 A T TTAMED LN T Wz, FiFF
HES IS, a—)Ley FOMGICE VETHINT E DR ARGEE X A Th—F/EBW &b
MoOTWI, FTEKEKREIEZ T LICHEZRT 2D/ 57z, DRCAHABRVEDTHZ LD
TENDOLOTOVENS, FAIKKCORZBET Tl BLAZRBEO FBUCH Tz, SR
HEERA T 'T I T4 A4 77 IO, RHLEET U7 DI R—Vy —ICAELTE S
7=zDTH%,

[ IADEEE 2 A TITRU, HOWBHETRIBIENTVS, BIFHPDOZ—S—ZAR—YET)L RS4 I
DIFTTARLIEW

BAFERZ Yy I = 2 )V IV ) I NRATE, 7T+« RS4AICFEHE S 7z DRC (&L 7 1 e
FEEL, BHFAZY I EEETIRE L, LA L. RS4 ORI AT ¥ a—)IVINICHEE %D,
EBICES VL DDREMNENT A>Tz,

ZI Y75 Av—RE O —

DRC DREEZ T /0Ic B ifg L, €O RHALEWT U T LN Y 754 —h 5D OEM - (HH
FHT TV EBZAERE) AR EATWZ, RAOVENDA—H— G )R B 572D,
HYNNTHREMDREE S THEARA VD APA D SDELT, HYNTEWZBC T, Hik& APA
D HHEEE L, S OB I REAS O & FEER%Z APA thic BT 3 kicikoTz,

APA tEh SOEATREL oz eI kD, T Tt S EEREH TH 57 7 71 RS6 NDIEHK
MO, APA HHEATHTHAEDNIeZ )V TV 7D VDT A NEFT TR PR EOIHS R e 7
D, AREHAPE L,

HFETIE. Tav 7TV NG APAtE. DI CTH B> 2—a =y MYtk AM HELRT
mET B kilIEo Tz,

YAMAHA MOTOR TECHNICAL REVIEW




ZI BEEED=8HIC O ——
DRC (&, JEETHIEYADZDEIRET +— IV ZDEHEREMNIEDRDIZN, Z DS HIZFEN S,
JAMIBELUTHLWESRICESEINE TN Eh olz, WRSHEIA MR ERENTZD,
FE% B BRI TGEITIRER O B EE ODT Tz, o 2—a =y FOEFERZTD BICH T2,
VL OUEDDMRHOIBIRR LS L FE |
e DOz, FHUNNEE A E T ARORE
Z RO IR EEE L e EhhTz, T OREH.
HEARE= VNIV 7 TOT R R A TED
EHICPEREN) BB e TE, Bk TE%
AEmIEE  REE. W), ERERES) oA
ZIUTLTE, AR IRIEIERENYE H % A
MO NEBERRICESTET (RE) Z|5d T
LIZiED, HOIARR IV EFZIE0H BT,
XX UahD, FEEMNRE TR Lz
53 | TNHHRLFAFEARAZ Y TDIEETH 5,

7%5 4 RS6 D5 -

2002 FEDOFICHINTT 77+ RS6 DX T M
fikbh, Jvr—FVALDOFEAESNTE =,

(ST T NCRE LT RBAZ L, hfichiz
BOEEDONYFY L, 250km/h TOTHIL
EATZREIC I B mHLENE, HHDBHET
DOFD.OHIORE | (B3, 4.5)

YRR RN PAVIAVAVE GV Eub: e VAV
331kW (450PS) 7Z &4 i) 51 mPkREdE D
HETH S,

K5 RS6EREEHE

YAMAHA MOTOR TECHNICAL REVIEW




EI BbYIC O —
79 IN—=2 DE O MEREHICERH SN 5 T & T, REAS (DRO) 35392 HtFUTHH 28 DL 55
Too WIS, BUHZEETEREOGHAC R EC LTI X THETERILTH S, AN
BHEOMTHZL L, NBOBEHIZD, REMNICBEROFMZDEDTHZ LWV S BIRUIIEL
WEDTH»oTz,

AM R, BREDEIKF TZ MO0 2HE LT SR NGET57 7/ 0y —
ZBFLEIIR T ICF YL VT 5,

ATOD I M HEHET BICHTED,. BREDTXREHEELT YTt 77 batk, 7UTy
TNV THIVIRT =T V=T BRI ET, APA . AV S TSERR OB RRICER < S
DEZERLET,

R H=

YAMAHA MOTOR TECHNICAL REVIEW




2003.01.21

EABR/ ENEE BE
Made in Taiwan

Made in Taiwan

KT /% Shigeru Oshita
@ Yamaha Motor R&D Taiwan Co., Ltd.

Different people may have different images when they hear the name Taiwan. It is unfortunate
that for political reasons Japan doesn't have official diplomatic relations with Taiwan, but
Japan and Taiwan have in fact a long-standing relationship that continues to today in many
forms. There are also few foreign countries in the world today with as many people who speak
Japanese as in Taiwan.

Yamaha Motor Co., Ltd. also has a long-standing relationship with Taiwan that goes back more
than 30 years. At that time Yamaha established business relationships with two Taiwanese
companies, WAN SHAN and KHS, while Honda Motor Co., Ltd. also had relations with the two
companies Sangyang Industry Co., Ltd. and KYMCO, Suzuki Motor Corporation with TAILIN
Motor Co., Ltd. and Kawasaki Heavy Industries, Ltd. also had a technical assistance contract
partner. All these companies were involved primarly in the manufacture of motorcycles
developed in Japan by the Japanese makers. Due to various social factors and the conditions
within the companies, Yamaha now operates in Taiwan through its joint venture company
Yamaha Motor Taiwan. Suzuki continues its relationship with TAILIN while Honda has dissolved
its business relationships with Sangyang Industry Co., Ltd. and KYOMCO. Also, since Taiwan was
accepted into the WTO in 2002, Honda has begun to develop their own sales network.

The Taiwanese motorcycle environment tends to carry with it some negative images of dust,
exhaust gas, and dirty, older bikes, but with a total of 11 million registered motorcycles vs. a
population of 23 million, Taiwan boasts an amazingly high ownership rate of almost one bike
for every two people. This also means that there is more than one motorcycle for every licensed
rider. Taiwan is also unique among the world's motorcycle markets in that over 80% of the
demand is for scooters. It is said that the ownership rate for automatic transmission automobiles
is also the world's highest. This might suggest that Taiwanese dislike manual transmissions.

While it may be true that the air in Taiwan is not very clean, and the streets are packed with
motorcycles and automobiles, the impressive sight of a herd of motorcycles bolting away from a
stoplight when it turns green is something that you will never see in Japan.

There are also a number of goods that are necessities for motorcycle riders in Taiwan.

1) Face masks made up of more than ten layers of gauze with various designs on them
2) Poncho type rainwear protects riders from sudden rain showers
3) A reversed cold-weather coat zips (buttons) up in the back to eliminate seams in the front

where cold air can rush in
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Taiwan's unique motorcycle life has created a number of ingenious goods you will not see
in other markets. Here we introduce some of these unique characteristics of the Taiwanese

motorcycle market.
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Measures for Dealing with the Issues of Global Production Management

K= (RBA Yasuaki Osawa
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There continues to be a shift toward overseas local production of Yamaha brand motorcycles
in order to strengthen the global competitiveness of our motorcycle operations. Up until now,
increasing local supply ratio has been an important goal for the various overseas production
bases and, besides local assembly operations, active investment in facilities for the local
manufacture of parts has also been carried out. Furthermore, efforts have been made in recent
years to make more efficient use of these existing facilities and factory space, accompanied by
an increase in global cross-trading of parts and third-country export of finished products.

This dynamic change in the production layout has a big effect on the manufacturing control
work at each of the overseas production bases. In other words, the operations that in the past
were self-contained within each base have now expanded to include the need for close mutual
cooperation between the different bases. In order to help perform these increasingly complex
production management operations it is necessary to build a global production information
network and raise the level of production management technologies at each production base.

The Production Control Division has created the plan for a PanYamaha Manufacturing Control
system (PYMAC III) aimed at solving the above-mentioned problems and is presently working
in cooperation with YMC's IT Operations, Global Production Promoting Division, Procurement
Management Group, Engineering Administration and other divisions to develop and implement

this system.
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The Effective Use and Spread of an Overseas “Product-Making Information Sharing System”

EBF Z— Hikoichi Hirano
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Recently there has been a shift in our overseas manufacturing base positioning from what
until now has been a pyramid type positioning with YMC at the pinnacle toward a horizontal
type positioning in which YMC and the overseas bases work together on the same level in
close-knit tie-ups. When working in such horizontal relationships, what becomes important is
the ability to decide what parts or units are best made by which manufacturing bases from an
overall viewpoint. In order to make these kinds of decisions, we decided it was necessary to

“put overseas product-making information in visible form.” Here we report on the system we

developed for this purpose.
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The 18 Years of Progress Since the Birth of the Water Vehicle

& HEBE  satoshi Tani
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Some seventeen years have passed since the first WaveRunner 500 went into production
at Yamaha's Arai Factory in Oct. 1986 and the first WaveJammer in Jan. 1987. At the time
development began on these models, the exchange rate for the Japanese yen was 240 to the U.S.
dollar. When the yen exchange rate began to climb sharply and then fluctuate drastically in the
ensuing years, production of these Water Vehicles was shifted to Yamaha Motor Manufacturing
Corp. of America (YMMC), which was established shortly after production began at the Arai
Factory, and they continue to be produced at YMMC today.

We decided to take a look back over the various Water Vehicle policies that have been
implemented over the years in this case of "overseas development and overseas production” in
hopes that a review will provide new insights that will be useful in determining policies for the
future.

The roots of Yamaha Water Vehicles go back to a presentation of prototypes called the Power
Ski and Wing Ski, which was held at YMUS in Sept. 1984. However, at that first presentation we
found that due to the heavier average body weight of the American staff who were supposed
to evaluate the prototypes, many of them were either unable to ride the craft that had been
prepared or, if they could, the prototypes were so under-horsepowered that the ride wasn't even
worth evaluating.

Taking impetus from that embarrassing mistake, a project was started at the Technical
Division of YMC's Boat Operations aimed at developing a vehicle suitable for the average weight
of Americans. Named the Micro Marine Vehicle (MMV) project, the goal was to put together
prototypes for another presentation in one year's time.

This project was launched in Dec. 1984. The project team was selected from the Technical
Division of YMC's Boat Operations and the Engine Technology Division of Sanshin Industries.
The team had the following three development objectives.

1. To develop a single-passenger model that could hold its own against the Jet Ski and Surf Jet
models already popular in the U.S.

2. To create a world's first 2-passenger (tandem) vehicle that was not a conventional boat

3. To develop a new engine and pump system that could be used on both the single passenger
and 2-passenger models.
In just five month's time the project team completed five single-passenger prototypes and

seven tandem prototypes. After evaluating the performance of these prototypes in Japan,
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four tandem and two single-passenger models were selected for the presentation in the U.S.
At the ensuing presentation held at YMUS in July 1985, official approval was given to begin
development of a production tandem model.

The prototype at that time would become the WaveRunner 500, the world's first runabout
type personal watercraft. (Photo shows prototype) Before entering the main text of this report,
we show in the following table the main Yamaha Water Vehicle models that have been produced

in the last 18 years.
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Present Status and Issues Concerning Moric's Overseas Factories

P2 BBK  Ikuo Watanabe
OHEY v I/ RRIERER

Moric Co., Ltd. has proceeded to expand its overseas production bases in step with YMC's own
movement into overseas manufacturing. Overseas production was begun by Moric in Taiwan
and Indonesia in 1981, in Thailand in 1986, in China in 1995, in Italy in 1996 and in Vietnam in
2002. As for India, a problem arose with the labor union in 2000 that resulted in a withdrawal
from the joint-venture, and plans have been made to launch a new company in 2003.

In Singapore, the company has a business and finance base named Moric Singapore to focus
on the ASEAN and Chinese markets.

Since the start of Moric's move to overseas production in 1981, the company has come to
have overseas bases in eight countries, five of which are joint ventures (including 100% Yamaha
Motor Group ownership) and three of which are being given technical assistance support.

Taking 1980 as the starting point, Moric has now been involved in moving production
overseas for 21 years. During this period the form this overseas business has taken is one
in which Moric retains the product technologies and manufacturing technologies while the
management work involved in running the overseas factories was handled by IIC, which Moric
acquired as a 100%-owned subsidiary in 2000. Here we discuss the status and issues involved

in these overseas operations.
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4-stroke Snowmobile RX-1

8| REF KA TakujiNakano ZEM PEE Takahiko Kubota
% nn %ﬁ ﬂ =% E{E Masanao Miyazaki PHUE #E—  Shinichi Nishijima 52 f8{ Tooru lzumi
EH BFE Takashi Ashida FAZE 2 Manabukai T3 {1 Shinji Doi
O EIPME/RTAHRE/IVPUVHARE / BNHARE

o e

1 RX-1

In order to fulfill their purpose of running over snow surfaces at high speeds, snowmobiles
require a power unit with a fine balance of light weight and high power output. By this definition,
the 2-stroke engine is an ideal power source for the purpose. With the present concerns for
preserving the global environment, there is a movement to impose exhaust emission regulations
on snowmobiles by the year 2005. Furthermore, there have been high expectations from the
marketplace for a next generation of snowmobiles that offer "something new." The RX-1 is a
4-stroke engine powered snowmobile that was developed to answer these changing needs of
the times while providing the kind of excitement and satisfaction that exceeds the customers'

expectations.
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4-stroke Snowmobile RX-1
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4-stroke Snowmobile RX-1
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4-stroke Snowmobile RX-1
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4-stroke Snowmobile RX-1
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4-stroke Snowmobile RX-1
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4-stroke Motocrosser YZ450F

# BB VYasuoHayashi #2if #2BH Yoshiaki Sugiura 83 Kif Taisuke Sakurai
¥ A TakehisaKatsura KFE —BE Jirou Oomori /NIl —3 Kazuhiro Ogawa

sk 2B Takaaki Nagai
O P URRE / RTF(BARE

B1 4xXkO0—2 - b Oy Y — [YZ450F)

The YZ400F made its debut at the U.S. Dealer Show in June 1997 as a production motocrosser
that featured technologies fed back from the YZM40O0F factory machine. Subsequently, the
YZ400F was released on the Japanese, North American and European markets from the end of
1997 as the first 4-stroke production motocrosser ever by a Japanese maker.

Developed to be "the fastest 4-stroke motocrosser," the YZ400F took as its chassis base the
chassis of the race-proven YZ250 and mounted in it a super-compact design 5-valve engine.
The resulting machine won high acclaim from the market for its outstanding competitiveness
and proceeded to create a sensation on the MX scene, which had been dominated by 2-stroke
models, and to stimulate new demand in the market.

Two years later, in 2000, the engine was bored out to a displacement of 426cm® and the
frame further developed to produce the next evolution of this model, the YZ426F, which stands
until today as a leading force in the market. The presence of these Yamaha 4-stroke production
motocrossers has caused a big shift in the makeup of the market. The growth in 4-stroke models
has been so dramatic that the ratio of 2-strokes to 4-strokes in the U.S. competition motocrosser
market now stands at 6 : 4 in the 125cm® and 250cm® competition classes.

As the market has grown and the ratio of 2-strokes to 4-strokes has shifted, there has been
a rising call from the marketplace for 4-stroke models that satisfy the needs of an even greater
range of competition categories.

With these market needs in mind, our development aim with the new YZ450F was to go
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4-stroke Motocrosser YZ450F

S EioT

beyond mere competitiveness with the 2-strokes in the pinnacle 250cm® class in order to
"develop the strongest motocrosser of all." With this concept, both the engine and the chassis
were completely redesigned to create a machine that exceeds the expectations of the customers

and stands as "the new standard in next-generation motocrossers."
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4-stroke Motocrosser YZ450F
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4-stroke Motocrosser YZ450F
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4-stroke Motocrosser YZ450F
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Five-passenger Golf Car G15AP
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There are presently about 2,350 golf courses in Japan, where some 160,000 golf carts are in
use. The annual demand is estimated at about 15,000 units. The golf industry is experiencing
a decline in the number of golf-course users and new-course construction is decreasing
significantly. With the increase in use of used golf carts contributing to a longer interval
between trade-ins, and the intensified price competition in new models, etc., we at Power Product
Operations continue to face very difficult market conditions.

There are a truly diverse array of golf cart types (golf bag carriers) being used at Japan's golf
courses today. They include hand-pulled carts, electric carts, monorail carts, stand-up riding
carts, electro-magnetically guided carts and regular sit-down type riding carts (which are
divided into manually driven and automatic electro-magnetic guidance system type models). Out
of the desire to increase the number of course users by making golf as effortless and enjoyable
as possible, the percentage of sit-down type golf carts has claimed about 70% of the market in
recent years.

Among these carts, the manually driven models have lost ground before the increasing
demand for guidance system-equipped automatic-drive models. However, due to the lower initial
cost (cost of the cart itself and fact that no guidance system infrastructure is necessary), manual
models still enjoy a consistent level of demand.

The recently released Turf Joy G15-AP five-passenger (manually driven) Yamaha Golf Car has
been developed with features that make use even easier, including an automatic parking (brake)
mechanism that eliminates the need to apply the parking brake every time you stop the cart,
plus a speed control system that utilizes a microcomputer to assist the driver by controlling
running speed on steep downhills. Here we introduce the development of this model and its

features.
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2003 Model Road Racer TZ250
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1 2003 TZ250

The TZ series road racers were first launched in 1973 as liquid-cooled 2-stroke production
racers based on the previous air-cooled 2-stroke machines (TD, TR). With development and sales
now having continued for roughly 30 years, these models have one of the longest histories of
any Yamaha motorcycles. During these three decades, many riders have entered serious race
competition with the TZ models, and of course many have gone on to compete in the World GP
among the world's top riders.

In terms of technology, the TZ models have continued to lead the production racer category by
being the first to inherit state-of-the-art technologies from the YZR works machines, such as the
Yamaha Power Valve System (YPVS), the Monocross suspension, the Deltabox frame and various
new materials and alloys used in its components. The results of this technological feedback have
been apparent in the race results these models have turned in over the years. Since 2001, riders
of the TZ250 have dominated the winners podiums of the All Japan Championships 250cc class
almost completely. And, in the opening round of the 2002 World GP, a machine mounting a
2003 prototype engine on the current TZ250 chassis won the 250cc class. Here we introduce a
summary of the 2003 model TZ250.
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YF-23 Fishing Boat
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1 YF-23

Japan's continuing economic recession has contributed to the depressed state of the domestic
pleasure-use boat market. However, the fishing boat category has been an exception to the rule,
with demand continuing to be relatively healthy. And, among these fishing boats, the 23-ft. (7.0m)
class has been especially popular, constituting the largest volume zone in terms of both number
of boats sold and total sales value, thanks to their easy-to-use size and affordable price. Yamaha
pioneered this class with the release of the "Tackle 23" in 1987 and proceeded to establish brand
equity in the category. When the Yamaha "23 Cuddy" was introduced in 1998 with a highly
competitive price, it soon became a hit product. Since then, however, increased competition in
this category has brought rapid advances in performance and functions that, along with the
increased price competition from the growing used boat market, has caused these two models
to lose competitiveness.

Here we discuss the development of the new YF-23 designed to address these market needs.
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Motor Cruiser "CR-33"
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1 CR-33

It was a dozen or so years ago that I visited a marina in the U.S. and saw a scene that left
a deep impression on me. Even though it was a weekday, there was an elderly couple talking
happily as they worked cleaning and sprucing up their own boat. Perhaps it was the combined
moment of sun and sky and sea, but this scene has stayed in the back of my mind all these years
as I have worked on boat design and development.

In the years that have passed, the generation that was once the driving force of the Japanese
economy is now reaching retirement age. For some time now we have been working on a boat
development project aimed at offering this retiree generation a way to spend their new-found
leisure time. The newly released Motor Cruiser "CR-33" that we have developed in this project
is conceived as an embodiment of Yamaha's corporate mission of "We Create Kando — Touching
Your Heart" as it applies to our specific market environment. It is a model that has been
designed with the aim of creating market demand and waking up a "sleeping user" demographic

in the marine market.
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Motor Cruiser "CR-33"
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Motor Cruiser "CR-33"
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Motor Cruiser "CR-33"
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Motor Cruiser "CR-33"
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1 YZF-R6

The YZF-R6 debuted at the Intermot show in Germany in the autumn of 1998 as an exciting
new 600cm® supersport model that boasted the fastest performance potential in winding-road
riding. It was a model that adopted many of the technical advances of the YZF-R1 that debuted
the year before, while also being developed to provide the unique joy of being in full control of a
high-revving 600cm’ engine and the responsive machine handling a bike of this class can offer.

With the YZF-R1 and YZF-R6 as its two top hitters in the supersport class, Yamaha expanded
its market share in this category in Europe, North America and Oceania. At the same time, the
YZF-R6 has contributed to the promotion of Yamaha's high-performance image as a member of
our flagship R series.

Since the launch of the YZF-R6, the other makers have come out with competitive models
and have further stimulated this class as a result. In the market, the YZF-R6 has maintained its
high reputation as a pure performance machine with outstanding engine performance, speed
and agility, as well as styling. Now comes the long-awaited remake of the YZF-R6 that we are

confident will answer the expectations of its fans.

ZI (FUBHIC e

1998 DA > Z—FMIT, YZF-R6 (1) RUA VT4 a—RTidbENTFY AT ¢
%7 600cm® Z—/S\—ZR—V e LTHE LIz, ZORET € a— U7z YZFR1 OFEHiiAAZE LI,
600cm® A5 TROEEHET Y Y V2 LYJZ3RLE, v E2RDEITRLIRERZBBLLEZETIV
TH-oT,

YAMAHA MOTOR TECHNICAL REVIEW




il

A—/\—RR—") YZF-R6

5 85T

TiEAL, Y NFEEBEERIEA— S —AR—Y
173V —7% YZF-R1 & YZF-R6 @ 2 kv 7kl T
BRI, dEK. KEENDA—H—> 27 2R LT
Et, FIYZFR6IZRIVV—AD—HELTYH
DEMEREA A=V 25| Z LTS eice kLT
726

ZNLE, D SHEETVERATN, A—
IN—AR—=V &b Uiz, i Tld YZF-R6
DTG, TUY VMR EEIMERE, A&
AV T B R L, S EEEEE T
Za—ETIVEGEANDOFHI R Z U,

F mstomn
PRETNVORARIV T M RMALDD, H
BKTHAR N THZ T — ) TICEBIEE R
I, 75 A No.l O IR 2 0 & LTHYE
Uiz, fibkifcz& IORT,
T YZF-R6 DBIFICHT=>TIE, Fidd 4 HH%
rmOIHNWE Lz,
(1) IA 2T 7785 a—F) V7 EREDN F
(2) 75 AmEERE. REIFVA T TRy
IO (9
(3) —~HTH YZF-R6 &34V TF VT DB
(B 2)
(4) BB IR EDE A

Fl rooome
31 ISRAEREEEOD=1—TIVIV
TV VMR RICHE L, SRENT Y ZDR
BHLZEXSTZBEEA N, NAVTMALMERE,
IV DK 9 Bl H R Lz,
WREFTIVORY « Aba—2, [ Hi b,
k.
86.0kW/13,000rpm %5 [HiL TV %,

YZF-R6 Supersport Motorcycle

&K1 YZF-R6 {t#ET
IEH HTLE
[RENETEER k&, 4XkO—2

5 4 K[E. 4807

B2 600 cm®
AE x 1T 65.5x 44.5mm
E#ELE 12.4 : 1
et 86.0kW /13,000 rpm
RAMILY 66.4Nm/12,000rpm
ZRLE 15K :2.846 2 3% : 1.947

33K : 1.556 4% : 1.333
53 :1.190 63 : 1.083

1R /2 RiE&EEE 1.955/3.000

2R x2MEXxEH 2025 x 690 x 1,090mm

o—hE 820mm

Hh e BE S 1,380mm

R S 135mm

ZRESE /XHE= 162kg/182kg

FrR¥—FB/ =)L |24° /86mm

wA—=IL kSR 1| 120mm
%] 120mm

FALTVHAX Ai| 120/60ZR17M/C(55W)
#| 180/55ZR17M/C(73W)

T —FER gl MES TINT 4 RY
®|BESINT4RY

ey ORE 17L

IVOUAAIE 3.4L

NyTURE 12V, 10AH

Ny RFSA4 b+ NOT NIV T 12V55WX2

RV R BB EIC KB MRET Yy 2RIz,

2 YZF-R6 360° Virtual Reality

YAMAHA MOTOR TECHNICAL REVIEW

MBI REIE R EZZTDOXXIC,
eI NA (AR R) T

W Pk 550 4 1)



RA—IN—RR—Y YZF-R6
YZF-R6 Supersport Motorcycle

3.2 BEXYFIULY HEOSUOT—R

DYVENDYXTIVTAVERY Y FAYFUHIE, BAF YA U RNBECER A Y F 9 HE Ay
FIV R LIz, EAYFHUICKD, BOBEWEL SRS GEMEMIS N, LTI
VREIT, HREIOEAR S EAR ) VTDHBAEDRICED, ELIEHAT—IVEBELN, B
Nl AOVIHE R M2 I LTz,

Fle. TOFNEI S0 —ATiE. BERZEEREEZILRTSHLIic kD, EAM /R
SRV TR IR ER S 12,

ESI, VIV —FPIVNOAMZER/NRICHIZS KL, VIV FGVARERL, ARG
THERZ K 5T,

33 Yo aYERMAIETa-INL PO 7Y

2002 4E YZF-RL IS LU CTEFIDOH HH 72 a V ERAMANE T a—TVA Ve v a v BRI L,
COVATLE, JEHAETHEHTE7V—EAMOBE LT, K5O A 225 B2 il
HET2eHTES,

34 WMRFREE - BEDIK

IVIVVLARVAN LD, TT77V)—FEEE T.3L H5 T6LN\EHER Lz, £l Amy MLAR
T RREERD 37Tmm 5 38mm FENE T T U TR A ZE SR Z Lz,

EATREZZT ) —F Ry P ANENIEH U TR SN 2RO 2T « TV VATLIE. ERET
JVIFIRRICERM Uz 37 YZF-R6 Tld, WMACEMOIZEAREKROmMZREL, CThCXDSLER
—EEHTEA K51 %E o7,

35 IF7—A2F02a I RTLAEN=NLRR

I7—AVETT 3N KD, HEHRAD KRR D Z A EN TS, ST Az bS5,
5T, T THNERONZALMBIC XD, PEHAhOHEMEZ LS Gz, SO - L
TEHIC KD, BN ARG EU-2 22V 7 Uiz,

36 BREBEVIS. FIV2EET1471—Y
Yo LU INEBER T BATEIC BN BT 2 M
YA L INEIIEBEERTIVIMZER, il
W7 FHTEHOR IR TH 1kg DRIz K

Lz (B3,

T4 Ta—YRZF 2 MO, TITAT—
BB T ATE 2 BEORETIMTRIELT, 5
TOEIE A L—R iR OTmN 215372,

K3 %75

YAMAHA MOTOR TECHNICAL REVIEW




A—/IN\—RR—Y YZF-R6
YZF-R6 Supersport Motorcycle

S EioT

ERLEIR BN TR e 2 5 [ RN T RELET A —F v —LbEoTW0 %,

37 SUURSDITH VO T77y

I I UMEREN LICH DY TRERE—Hi i, HioTTXid, CREFYA X TENIIGAIRR
21351z, IOV RRA TR LU, 77 NERRICY V7 2N TRADTRNOMNHFEL 2K 5D
VTN, =RV TOmHAEREN EAR LT,

3.8 ¥ofth, EEMk. 7 MEEUNRE
IV VNEREOMRIE, 7 1% ACM  (Alternating Current Magneto generator) {1/t
7 MECETE R B & SEEEEIE R,

VM sgms

41CYZF-R6 DT 4 —F v —x v T ZmY,

Immobiizer system Aluminum initial adjuster

New speed meter suspension

including shift timing indicator light

CF die casting
rear frame

LED tail light

. ) Die casting frame
New designed Gatling

beam head light

New flexiole
turn signal

120/60 ZR17
radial tire
180/55 ZR17
radial tire
298 mm floating type New designed New designed
brake disks 5 spoke wheel

New designed cowling 5 spoke wheel

CF die casting
rear swing arm

4 T4—Fv—<v7

41 FA4FvRAMERTIVIRYHIZRNMIV—4
TL—LBE 2 TEAF Y AR THTLITED,
b & @RIMEOmN B LK TIREEDRIONT R
VIWRBTE Tz, TOTFIVARYyZZAMTL—L
(B 5 ISREEEM 2 THRKEN, 90k
ETIVHIETH 500g B <7&D ., Wit omItEE
#150% 7y T TET V5,

CDTL—LIE, AZAV T e 0iEniA B5 S4F+vRMEFINIRYIRNTL—A

YAMAHA MOTOR TECHNICAL REVIEW




RA—IN—RR—Y YZF-R6
YZF-R6 Supersport Motorcycle

S EioT

Pz [FARGEI T2 T LI KD, MGHTIC KD ilaat DS lEE B oTz, 7L —LOEBsREAD 2 fl
&R ofTlICED, TERETIVT 16 HTESTIEHAE TG 2 ka0, ApEtkorm HIcE K EL
HIEALTWS, Flo, TL—LiGHOREMEDIEDD, Wi AZAV T KBITE TS,

4.2 CF (HlHFIE) F1F+ANIT IV —LELLVTT—A

2003 4F YZF-R6 Tid. FHCHIA - o g %
RENBVT7TL—L, V7 7—LIEEOMMED
CF 7V ZAF v A Ml il g s & LTI
THALE (B6),

U7 7—LFE 5 R EIR TR EN, &
/AR 2.5mm EWSTHERRETDNTE TS, U
7 7L—LE AR 2mm THO, BREIEERI
HOWNI A TETVS,

6 CF&AF+vARUTIL—A
4.3 BAKERE 5 KRR—OFKRA—IV

RA—INEAR—7 DR D 5 AKX R— 7 K
A=) (B7) L. NFFEEEHKZX->,
INTHBAR—=ZOE DD U CTHEK 3%
ciicky, MEEHIMNS U AZESTVD, X
Too BOETRUCT, VLHOSMEZATMATAR
95T VLHOBRRIENTE

44 HMITE=LAYRSAB
Ny RTA M, JEDILAO I —THENTA N
YR 2= 50, —HEHTHYSHDTHINI VY 7 RR—ORA—I

C—IN\v RS 2L (B8), Fiz. 7

Oy IV TDARA) T8 8L, EBNT-2ZE HRUSTE—LAY RS T DS

JitkgE. TurriarvBXUOimPiiyar Mo P s mey Ak
A A DR THITE i L

FleT—IVIA MIRERET VAL HEE PRl
DHHEOLED (FHAAA—F) ZNIEL, DS
LED DM i & © LED Ol 5% /i€ 7L D
20 kD 18 fHICHIK L 7z,

) “HMITE—=L BAZVL—EBS D

RO — VBN —>

R R L —Bamtat

8 HRUVIE—LANYRSUT

YAMAHA MOTOR TECHNICAL REVIEW




RA—IN—RR—Y YZF-R6
YZF-R6 Supersport Motorcycle

S EioT

45 TFILIHEN—Y. A1 EESAY—
T—kRLAR, VYT avl7 7= NS TV IS S—Y 2 BRLT, STy T K>z,
Zofth, WM, KEMAFICE IS VAR Z DA CCTAP = AT L2 % L. s
Zen X8 T,

El mEANDIYiHH O —

AT7OY 7 bTEB LN DN EHEIR DT, RN S, BRI SELEE T AEE-T
w7z L CE,

BEAYFIV R, FRY2HEEMF T 72— XAHANTIL—L, BAHANI T TL—L,
BANARNIT T7—L 5 AAR—=TKRA—)L, HR) T E=LNYRTA b, A BEIGAP—TATLE,
ENVEDLHS>TERENSHREE THHIEZHLEDERITINERTESEDTIE A>T,

N, HEN RIS B 2 A7 TEENCBVTIE. ERAA—YZETIHEICL, EI—T12 71T
AR L FERCIRZE FICIL AL LT TETzC e, OB BRDH -T2 LKL B,

ZI EbYIC e

YZF-R6 1& YZF-R1 &3, i 0o>T N2 AL S ENTOSETIVTH S, HITH LT
LIFYLrYL, HEZZERL T MM TH S, ShDTad sy MIFHCERE, 858
dDmEZ L, FFEHELEN T, TNIET
ICBFEDHE5T, B, FESRERE O 57
EZ oL IR TV B,

2002 FEQHDA YV R—F I 2N\ TDOT L
A, HAZ—OFHIE XL, R DA——R
A=Y N AR —IZHi YZF-R6 DT A T+ > T Dt
ik (B9 ZRLATELABZEEES,

9 FEITPDYZF-R6

BIEMS, RFiE—. KF AL SEEL & EKE
RISIEMS, RiB. I RM. BEAXL. TFHRE

YAMAHA MOTOR TECHNICAL REVIEW




2003.01.06

2003 FJR1300

2003 FJR1300
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1 FJR1300

Yamaha Motor Co., Ltd. released the FJR1300 as a European market model in 2001. This
model was developed to be "the best tourer for enjoying tandem trans-European touring."
The model won high praise, not only for its full range of touring functions but also its slim,
uncluttered styling and the concern for environmental-friendliness demonstrated in the fact
that this model was designed to meet emissions regulations in advance of their implementation.
Furthermore, Yamaha's primary design obsession with making this a model that offered
exceptional performance in tandem riding on winding roads was especially appreciated by the
customers and the FJR1300 went on to win wide acceptance throughout Europe. As a result, this
model sold over 6,400 units in 2001.

It should also be noted that the demand for sport touring models in the over 901 cm® class
has grown to reach an annual level of about 80,000 units, prompting the various makers to
introduce a wide range of models in this class.

Amidst this market background, the reputation of the FJR1300 has continued to grow, to the
point that it was recently named the "Best Touring Motorcycle" of 2001 by Germany's Motorrad
magazine. Here we report on the results of our development efforts for the recent model change
that has produced the next evolution of the FJR1300.
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Scooter Majesty 125-FI
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1 Majesty 125-FlI

The Majesty 125, which was introduced on the Taiwanese market in the summer of 1998,
has continued to lead the luxury scooter market in that country. Here we introduce the first
significant minor-change re-release of the Majesty 125 in four years, featuring a fuel injection (FI)
system for the first time.

As a cousin model to the Majesty 250 marketed in Japan, the Majesty 125 has been developed
and manufactured in Taiwan by Yamaha Motor Taiwan as a "Comfortable, luxurious cruising
commuter," and since its release some 40,000 units have been sold to satisfied customers.

This minor-change version of the Majesty 125 adopts a new fuel injection system in order to
clear Taiwan's exhaust emissions regulations, which are regarded as the strictest in the world
today.

The main objectives of this development project included the following:

(1) To perfect as a product a fuel injection system for small, single-cylinder engines that can
serve as a core technology for meeting environmental standards. (Develop the necessary
quality and cost performance without excess or deficiency)

(2) To guarantee emissions levels of less than half those specified in Taiwan's Phase 4 emissions
regulation in order to be eligible for subsidies under the Taiwanese government's fuel
injection proliferation policy. (A subsidy of 3,000 yuan (approx. 10,000 yen) is granted for
systems that achieve emissions levels less than half of the designated Phase 4 levels after a
defined period of wear in use.)

In this report we introduce the features of the new Majesty 125-FI. A specific introduction of
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the features of the small-capacity fuel injection system developed is made in a separate report in

this journal.
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Silent Type Portable Inverter Generator EF1000iS

n — FB B  Mitsuo Fukaya
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B1 BAEBIA 2 N—&—FEHE EF1000iS

The market for small, 1kVA class generators constitutes about 35% of the world market for
portable generators. In major markets like North America, Europe and Japan, these generators
are used for a wide range of purposes in the household, at factories, construction sites and
commercial establishments as well as in outdoor leisure. In today's market, where environmental
issues and resource conservation have become primary concerns, we are also seeing intensified
price competition sparked by an influx of inexpensive made-in-China copies of the leading
makers' portable generators. At the same time, we are also seeing a spread in demand for
inverter type generators that are more compact and lighter than conventional models and offer
high added value.

Yamaha Motor Co., Ltd. released the open-structure inverter generator EF2800i in October of
2000 and then began development of a 1kVA class inverter model generator. In response to the
high user demand for generators that are lighter, more compact and quieter-running in today's
market, we developed the EF1000iS as a model to strengthen our inverter model lineup and

product competitiveness. Here we give a summary of this product and its development contents.
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Silent Type Portable Inverter Generator EF3000iSE
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1 BABEA /N—4% —FEH EF3000iSE

The market for portable 2 ~ 3kVA class generators constitutes about 38% of the world
market for portable generators. In major markets like North America, Europe and Japan,
these generators are used for a wide range of purposes such as commercial uses at factories,
construction sites and outdoor shop stalls as well as household uses for things like camping,
motor homes, fishing and marine leisure. They also serve as emergency back-up power sources.
In this market we are experiencing seeing intensified price competition sparked by an influx of
inexpensive made-in-China copies of the leading makers' portable generators. At the same time,
we are also seeing a spread in demand for inverter type generators that are more compact and
lighter than conventional models and offer high added value.

After the market release of our open-structure inverter generator EF2800i in October of 2000,
Yamaha Motor Co., Ltd. used its technology in combination with the outstanding anti-noise
technologies of the existing EF2300SE model to develop a new low-noise generator. In response
to the high user demand for generators that are lighter, more compact and quieter-running in
today's market, we developed the EF3000iSE as a model to strengthen our inverter model lineup
with the addition of a low-noise model and thus increase product competitiveness. Here we give

a summary of this product and its development contents.
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Industrial-use Unmanned Helicopter RMAX Type Il G
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E1 RMAXtype Il G

Since its market release in 1997, the industrial-use unmanned helicopter RMAX has won a

strong reputation in the crop-dusting industry due to its excellent payload capacity and ease

of use. In March of 2003, YMC will release the £1 HEIRy S

RMAX Type II G featuring new autonomous BAER

flight technologies to achieve an even higher |£& 3,630mm

level of operability. Here we introduce an | =% 720mm
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outline of this new model and its technologies. ALY | 6.5L
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Racing Karts M125YZ/M85YZ

' | RBIE &  Yoshihito Ozaki
OISHEEN ENEER
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1 Mi125YZ K2 M85YZ

Users of racing karts designed for use on full-fledged road courses are on the increase not
only among advanced-level kart competitors but also among less competition-oriented users
who classify as hobbyists. In order to accommodate these diverse user groups, we recently
developed and released what constitutes a model change of Yamaha's existing transmission-
equipped racing kart model for the premier class of Yamaha SL kart racing. Here we summarize

the contents of this model change.
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Mini-Module Mounter "MCUBE"
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The recent trend in the electronic parts surface mounter industry has been a shift away
from large-scale mass production to more flexible smaller-lot production schedules. This
has been accompanied by a shift away from larger high-speed surface mounters toward
increased demand for mid-sized mounters that offer both multipurpose flexibility and high-
speed mounting performance. While this shift reflects the changes occurring in production
facilities as a result of changes in product demand, at the same time it can also be seen as
a reflection of the success of long years of product development efforts by mid-size surface
mounter manufacturers like ourselves. It should be noted that there was no real mid-size surface
mounter category to begin with. These machines were merely part of a niche market for smaller
auxiliary mounters. However, continuing development efforts steadily increased the speed and
accuracy of the mounting performance of these models. At the same time, we worked to make
them more versatile and easier to use from the users' standpoint, as well as finding ways to keep
their cost down to ensure excellent cost performance. Eventually we were able to produce mid-
size models that achieved higher productivity per area of factory floor space than the large-size

high-speed mounters and productivity that was virtually equivalent to the high-speed models at

YAMAHA MOTOR TECHNICAL REVIEW




A

SZEDa-IeYyry— [MCUBE(IAXxa—7 )]

5 85T

Mini-Module Mounter "MCUBE"

a low price. The customers soon recognized the value of our efforts and our mid-size mounters

finally became the new mainstream standard in the industry. However, new demands never

cease coming from the market. In answer to these constantly evolving market needs, we have

developed the new mini-module mounter "MCUBE" that we introduce in this report.

The newly developed product described here is sold by Yamaha Motor's IM Company under

the product name "THREEM."

1 izeeic

I DOEFIBMIEEERTIE, RETENZ
nnfi K A PEDN DA A FENDOBITI DI
fEoT. KEAEPEMZ O R G N SIS
R D i B RE 72 8- 1 o 7o R Hhodi B oD T )
PRLTETVS, WaHREOZICESE L E
PERIHDZILTIZH S, HALAHEEA—F—D
BARICOI 28IV RZHAIC L E 2%, TUK.

HEB L WS AT TV —DERAID BFIELTOIZR
TIERV,  mdlid B O fli g & L ToNEN
Ty Fia—rr v b HbAZ—k L, DLTD
BHOEE LB REE O 2K ->TE R, IHIC
A—YP—YA R T FOm e, aXk
DARJRZI TV, PERED BN T B AR D D 8%
NZERTE T, ZOME. RiEELL LORE
FRUT20 DA PENES,  mdbEIl A O pEME 2K
ARTCHRBITZSD Loz, ZFHLTIHADES
NDBERICFHTEN., e IZEk oI w2
DEETICESTZLRTR BB, Hilzkilidz D%
KITFEZENDTHB, ZTT. 555G HE
KIS ABI2D, I=E'Va—bxuriE— [T
Fa—7| ZHEICHELIZOTHNATS (B,
5d5. ABHFERGNIE Y < NFEEIEEED IM Ao =—
M5k, [THREEM (RVUL) | &LTHRIEENT
W5, R LFa2—TDHEHAHZRT,

X1 BEEMAEH
Hik~T% L330 X W250mm (%K)
/ L50 X W30mm (&/I\)
HEiRES 0.4 ~ 3.0mm
EAR XS [ EhSA
(F7vary HMLE)
EERE BIFREE (u+ 3 0)

+ 0.05mm/CHIP, QFP

( L FF il AR 50 f5E I BGY )
BRUBRLEE Qo)

+ 0.03mm/CHIP, QFP

( S+ FF il AR 50 5 B )

BESUL (REXEH)

0.3 # /CHIP

ERmmigE

16 B (&KX, 8SmmF—7
hHE)

LIS A

F=TT74—4—.
RTAVIT4—H—

BEATRERR M

0603 ~J 31mm B .
EEATRERRREE 15mm |
ERTEBAEE 30mm

BEAY R

4ET)NY—RE—FHI,
F—b/IANF o PRT—
3y (Frav)

R RAT A

ERRERE AT S HINTIVTFH A
S, BIRZ4TFa—vIb<—
RN AS

BEAREE

BEiRikAABF. BERES
B#EesR v a7y

EARix

AVNTIEEERE (Y—K
)« AUNTIEEE 256 xR (V
U TICTEER)

3BITFNGT—, T4—8—
BR2HN—. FBFELRS

L1,195mmxW1,275mmx
H1,350mm (&4 T7—F
BRE T 1,800mm)

rHEE

#J 750kg

YAMAHA MOTOR TECHNICAL REVIEW




S=EDa-)IYUH— [MCUBE(TAFa1—7 )]
Mini-Module Mounter "MCUBE"

S EioT

ZI ERmORREI T C S—
TLFa—TOFRaV T ML, [UNETAR
Ikl &Lk, HWE VNG OALE ] Th

%, B2 ROk GEMD LIERE G H-HH e S
I ﬁiﬁ]?mi?ﬁfs.;_ ......

A OBIMRZRTH. 1,000 LR TR S
SEHEINETES A TS TR BRIESEIED = 7 S
02~03%/FvTOV—=NEAHEEZESTVS,
DY VET L ATEANY, T SIS )
BETIVERATZILICIOHLVFEI EEN E2 RO o R
ZUREMEDS B B L BN LTz, SOl Ofe LT

UNELT, BRET., ORI UHDMLYY EWVSERENEL, ZILIEBEHRO—AERETS
LNHRE )~ r 755, FHCIRE TN OZWEFETR N E DRI T Y 2 — DIk E 2 75
EOFAERMID O, M T 2L EA—BRLTE TS, IO LN R SHROF—T—
FRITGORZDOEDTHS [/hEWV, ERE. LWV &L,

)

ZI S RmDIFH e
3.1 /NETRR—ZAPENE

UNEOBEADER LY . CHUEREEROY)RGEETH S, HEREN1Z T 5701 TH O
RITFFENBEBI TRV, HAG TIHEERREIE, ZTOEFIETAMBIIRD, #RT AN
HhEde->TLES, TLFa2—71340E 1,195mm . Bf7E 1,275mm ., 4f 1,350mm & K
INIEZRBILT WS, ZOMEH, FEET AV ORERFIMTIHNTES, HEGH TG,
BHESA NCHIRTBIBETE, A=K % L2 HPRETH 5, T, AFEFmICISCTHE
BICSA VEER T B AT, HEin% 750kg LIHRIEL. BEHOTILNCHRBICKRTE?
KUtz BEMOE T TEMORMMN ST 5L TR ZHERSHEINEELVE S EHEN
s, BRI R D WIS ) R R 2 2 % 2 R RS I b BB L Tzfta e Lz,

3.2 SRERENSTEE

A, FEEREE IV LIRS < o TV B, FHTEETIE 1005 (0.5mm X Imm) .
0603 (0.3mm X 0.6mm) F v TORBEHEIELER, 7V I KB IVTTITA AV ROk
FR7aE T KORMSERBENERINTETEY, —MRATOIZEE TIIRE TE RV —AN T
ECWVB, THLEEDRICISZ ST, TLFa—71&. 0603 F v /S EHELRRE L, FEERE S
&+ 0.05mm Z IV ZALFGEEEL TN,

3.3 (EMigDRI:A
R R—DE K= MORE Ul S Tl i KOO0 FHEk->TW05, TLFa—

YAMAHA MOTOR TECHNICAL REVIEW




S=EDa-)IIYUH— [MCUBE(ITAF21—7 )]
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Mini-Module Mounter "MCUBE"
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As increasing attention focuses on global environmental destruction, resulting from
phenomenon like acid rain caused by nitrogen compounds in exhaust or global warming due
to CO, emissions, and alternative energy resources, the possibilities of low fuel-consumption
automobiles and "Zero Emission Vehicles" as solutions to these problems are drawing increased
attention worldwide. In light of this, the various automotive makers are applying full-fledged
research and development efforts aimed at creating low fuel-consumption automobiles and "Zero
Emission Vehicles" on which their corporate futures will depend.

The electric commuter "Passol" introduced in the autumn of 2002 is a new type of motorcycle
proposed by Yamaha Motor Co., Ltd. not only as an answer to environmental and traffic
problems but also as a vehicle that pioneers a new category of two-wheeled commuters for the
21st century that are fun and easy to operate and powered by a viable, near-futuristic power

source.
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Yamaha Golf Cars are presently manufactured at two factories, in Japan and the U.S., each
producing models tailored to the needs of their respective markets. In Japan, where 5-passenger
models constitute most of the demand, annual production is about 8,000 units. In the U.S,,
where 2-passenger models are the norm, annual production is about 35,000 units.

Riding on the wings of a strong economy in recent years, golf car sales in the North American
market have continued to grow steadily. Ten years ago, annual demand for new golf cars stood
at about 110,000 units. Since then demand has grown 50% to the present level of approximately
170,000 units.

Recently, the gasoline engine model G2Z2A and the electric motor model G22E developed
originally by a team made up primarily of local staff at the Atlanta, Georgia, factory of Yamaha
Motor Manufacturing Corp. of America, have undergone their first full-fledged model change
in six years, since 1996. Here we report on these re-designed models that have now gone into

production.
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Desired Quality and Development Goals

ﬁ m ;ﬁ ﬁ QFD (Quality Function Deployment) as a Tool for Realizing Kando
HH 5LF Hiromitsu Tai

@ CCS 29— HRRIHER

With its corporate mission of "We Create Kando - Touching Your Heart," Yamaha Motor Co., Ltd
takes as one of its corporate principles "Creating Value that Surpasses Customer Expectations"
and dedicates itself to the ideal of continuing to supply products and services that bring
excitement and fulfillment to the customers. To do this, our product planners and developers
work to constantly be in touch with the market and pick up on the latest trends and customer
demands with a high level of sensitivity and reflect this information in the products they plan
and develop. However, when you start to consider customer demands, they are literally infinite
in number, some being openly express while others are potential demands that are not openly
stated and have thus not surfaced yet. What's more, some demands are spoken boisterously,
while others are mumbled quietly and still others are quite radical and expressed dramatically.
And, before all this, it is even necessary to ask who we mean when we say the "customers."

QFD (Quality Function Deployment) is a tool for setting practical standards for design quality
in the product development process by determining the important points for development based
on a broad-based processing of customer demand input. At YMC we have used QFD in a good
number of projects aimed at product development, and there are some operations that use QFD
in the development process for product planning and quality assurance in mandatory forms by
which they cannot move on to the next step in the development process until the QFD step has
been implemented.

However, it seems that there are still many people who hold a negative image of QFD as little
more than a burden, complaining that they spend time implementing QFD but still fail to come
up with any new demands as a result. Here we introduce a method that has been designed to
select quality demands that will lead to customer Kando while requiring the least amount of
time possible.

The examples used in the graphs in this report were created afterwards from a previous
case of QFD application in a snowmobile development project for the purpose of making the

explanations easier to understand.
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Fuel Injection System for Smaller Motorcycles
e — #t BB Tomoji Nakamura &)l BE Takahiko Hasegawa
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Electronically controlled fuel injection systems provide the potential for highly precise control
of the air/fuel mixture ratio, which makes them ideal for use in combination with catalytic
converters to achieve cleaner exhaust emissions. For this reason, fuel injection systems are used
on almost 100% of today's automobiles. Use of these systems on motorcycles is also on the rise
in recent years, beginning with the larger-displacement models.

Given today's market conditions and environmental concerns, demand for fuel injection
systems for smaller motorcycles and scooters is also expected to rise, and over the last several
years Yamaha has undertaken research and development efforts directed at small-motorcycles
fuel injection systems. Developing fuel injection systems for smaller motorcycles presents
several problems not seen in automobile systems, and considerably more demanding limitations
than those applying to systems for large-displacement motorcycles. However, we were able to
overcome these problems and develop a system that has been successfully introduced on the
Taiwan market model YP125FI, as reported in a separate article in this issue. Here we report on

the contents of this development project and the resulting system.
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Fuel Injection System for Smaller Motorcycles
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Thin walled die-cast Body for YZF-R6
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Abstract

Thin walled die-cast parts for the YZF-R6's rear suspension arm were developed. The die-
casting concept we used is called CF (controlled filling) die-casting. It enables the production
of weldable and heat-treatable parts. The technology is characterized by a high vacuum level in
the die cavity, controlled injection velocities during casting and refined aluminum containing
less hydrogen gas and aluminum oxide. The combination of Al-10%, Si-0.3%, Mg-0.6%, Mn alloy
with T5 heat treatment has enable the assembly of a rear suspension arm from just two main
components. The high welding velocity, as fact as 1 m/min, has caused less distortion, even in

this thin-walled part.
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Thin walled die-cast Body for YZF-R6
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Thin walled die-cast Body for YZF-R6
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Thin walled die-cast Body for YZF-R6
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Thin walled die-cast Body for YZF-R6
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Transient Temperature Measurement of Unburned Gas in an Engine
Cylinder Using Laser Interferometry with a Fiber-Optic Sensor

JA[E {HFE  Nobuyuki Kawahara B R Eiji Tomita —& F& Mitsuru Ichimiya

=8 FRAI  Kouji Takasu &% —FE Kazuhiro Goto #BIT [AZE  Hiroyuki Tsuzuku
OFE LK / BXEE / A7 HWMARE / cA70 o bR

Abstract

Various global environmental issues are related to the use of internal combustion engines,
including air pollution and energy concerns. It is therefore desirable to improve the efficiency
of spark-ignition engines. In order to develop lower fuel consumption, higher power output
engines, it is necessary to know the fuel concentration, temperature and turbulence in an
engine cylinder. Therefore new measurement systems with high accuracy and highly temporal
resolution need to be developed. The purpose of this present study is to develop a fiber-optic
sensor probe using a polarization-preserving fiber and a metal mirror for use in a fiber-optic
heterodyne interferometry system. A fiber-optic heterodyne interferometry system offers high
potential resolution and provides a non-intrusive temperature measurement technique. The
accuracy of the measurements and the applicability of this system for an engine cylinder were
discussed. The measurement accuracy of the developed fiber-optic sensor and heterodyne
interferometry system was sufficient to be applied to temperature history measurement of
unburned gas compressed by flame propagation in an engine cylinder. The resolution of the
temperature measurement is approximately 0.7K, and is dependent on both the sampling clock

speed of the A/D converter and the length of the measurement region.
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Transient Temperature Measurement of Unburned Gas in an Engine Cylinder
Using Laser Interferometry with a Fiber-Optic Sensor
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Transient Temperature Measurement of Unburned Gas in an Engine Cylinder
Using Laser Interferometry with a Fiber-Optic Sensor
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Transient Temperature Measurement of Unburned Gas in an Engine Cylinder
Using Laser Interferometry with a Fiber-Optic Sensor
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Transient Temperature Measurement of Unburned Gas in an Engine Cylinder
Using Laser Interferometry with a Fiber-Optic Sensor
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Transient Temperature Measurement of Unburned Gas in an Engine Cylinder
Using Laser Interferometry with a Fiber-Optic Sensor
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Transient Temperature Measurement of Unburned Gas in an Engine Cylinder
Using Laser Interferometry with a Fiber-Optic Sensor
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Using Laser Interferometry with a Fiber-Optic Sensor
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An application of a smart control suspension system
for a passenger car based on soft computing
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Abstract

A mathematical model-based design methodology for a robust intelligent semi-active
suspension control system for passenger cars based on stochastic simulation and soft computing
was developed. A globally optimized teaching signal for damper control was generated by a
genetic algorithm, the fitness function of which is set to satisfy conflicting requirements such as
riding comfort and stability of the car body.

Proper selection of the input signals for the fuzzy controller achieved accurate and robust
control, making it possible to reduce the number of sensors.

The knowledge base is optimized for various kinds of stochastic road signals on a computer

without carrying out actual field tests.
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An application of a smart control suspension system
for a passenger car based on soft computing
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An application of a smart control suspension system

for a passenger car based on soft computing
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An application of a smart control suspension system
for a passenger car based on soft computing
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Abstract

Polybutene is generally formulated into 2-stroke engine oil in order to prevent smoke and
carbon accumulation in the exhaust systems of motorcycles. The higher content of polybutene in
the oil is said to be essential to maintain the initial performance of 2-stroke engines. However,
it is not so well known that this polybutene deteriorates the lubricity of engine bearings.
Therefore, we developed a method for evaluating the lubricity of the bearings to verify the
influence of 2-stroke engine oils. Tests were conducted to measure the temperature of the
big end of the connecting rod directly while running the engine. The bearing lubricity was
evaluated by comparing the temperature of the big end of the connecting rod with the different
candidate oils compared to a standard oil. A better 2-stroke engine oil formulation can be found

by adding this bearing lubricity test to the JASO (or ISO) standard tests.
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Abstract

From among the topics of joint research we are conducting with the University of Wisconsin
concerning HCCI (Homogeneous Charge Compression Ignition) engines, we report here on
the results of research concerning the effects of hydrocarbon fuel properties. An HCCI engine
was run using five different types of hydrocarbon fuels in order to test such things as heat
generation and range of running capability. The results showed that the order of heat release
and relative position in terms of operating range comparison is dependent on the engine speed
range, even for fuels with the same octane rating. Neither Research nor Motor octane rating
alone is sufficient to explain these results. However, the linear form of these two parameters
explains quite well the timing of heat generation when running an HCCI engine. Therefore,
when comparing HCCI running performance using gasoline fuels, it is necessary to take into
account the both Research and Motor octane rating as one of the fuel properties. Also, we found
that due to the dependence of the octane rating indices on the intake air temperature, HCCI
engine running performance is more robust with regard to changes in fuel when the intake

temperature is in the higher range. Here we introduce the results of our research.
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An Improved Robotic Painting Method that Improves Painting Efficiency

BEHA F  Shinobu Hamada
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Abstract

In recent years measures to protect the environment are being undertaken in all fields of
industry on a worldwide scale. The field of industrial painting is no exception, as manufacturers
take on the responsibility of reducing the volumes of organic solvent waste from the painting
process.

In the case of motorcycles, there are many plastic external parts with complex shapes, like
cowling. And, since the edges and back sides of these parts must also be painted, there tends
to be a relatively large amount of VOC (Volatile Organic Compound) waste generated per unit
of surface area painted. What's more, due to the complex shapes of cowling parts, it is still the
norm in the industry for these parts to be hand sprayed, and there are few cases where they
are painted completely by robots. Because in the case of hand spraying it is difficult to make
fine adjustments in the amount of paint sprayed and the spray pressure level for each different
part compared to robotic painting, there is a limit as to how much you can reduce the amount of
paint used and increase the efficiency of the painting process. On the other hand, with robotic
painting it is possible to optimize the spraying conditions for each part, but there are other
problems like the amount of time it takes to create the teaching data itself. In response to these
problems, we succeeded in improving the methods for determining the robot path-of-motion
data and setting the conditions for the various painting aspects to enable completely robotic
painting of cowlings that reduces the amount of paint used and improves painting efficiency

and thus contributes to reducing the volume of organic solvent waste generated.

wE

A, HO5WBHERETIITBOTHFIR TERER 2T T MO MADEDENTED, By
FICBOTE, AREAIPE SRR EEZEHE L LTV,

E—Z—YAINVTRE. ATV TR EENBZIERD BV ERIR R 2 . EIE EosgE
M ImEPEMmMICHERZMLTHEY., kb D VOC GEEMEARILEYD HHbEDNZ<
BBMNND B, e, AVITOEEE, TORIROEMESH S, BIEEFMEBEEN TR LA
THEH, 7Ry MEHEESNTOAHIIZDEY, TFMERRK TR, BRicHigE, S hE
DELRFA 2 AIFITHD YID B RS T e MLV, TRy MERETHA, RME R, &
AR ICRRAD DD, —/, Bl MEETIE, BERNIFICRES TR TS EMHRET
BB, TA—F T T—=2ZDEDDIERICHRED DD B 75 EOREZ ATV, T T, JighT—
ZOVERR MO FELESAT ORGEICBI T B TFHESHICHO A, A7) 7D5eenRy MEEIic X

YAMAHA MOTOR TECHNICAL REVIEW




ARy MERFEREICLSZEDFEDR L

An Improved Robotic Painting Method that Improves Painting Efficiency

CRETL

& X

2 AT RIS 3 59 2 UM T IR & dg =R 1n) b2 LT,

!E] (FU&IC e

AR, HOWBPEE IO T B CERRR 2T 3RO AN EDSNTED, A&
BRCBLOWIEHOMAIE, REMHIRELHREO—DLE->TWVS ", BESMIFICHBNTE,
WAL B A RTAFHEE D KRG RO —D e B 21 Tl MEEEHAS O/FICE
BEMFTEINTED, ZTOHIROSREELEHEE->TVS Y,

E—2—YA7IVTE, HTV) I TIREEN BRI E N ERE TS 2L, BIE LOprE
PED SR EMICE B 2L TS, FNEIZIRYIN ORI L g 5 L N7 D f
BAKIER EDZ BB ENNH S, Tz, AUV TORER, ZORIRODEMIH SBITESE TMW
SRIEN TR EH-TED, eehy MR EEINTOLRHN3DE0, M OTE, ZDFREN
FMEPEEICTEPESNT VS, 789V EDQLLIRIN BT RO E L U, ESERNRN L, &
FIRANDIRBDZ W EORBERZIATED, PTEOaRy MEEEAEENT Wz, ZT T,
T — 2 DVERR M OSRBRESEFORE LUR, T —F 7 efid) OFESEEICHOMA, B
TV D5y MEERIC KA RBEMREMIEEONL, A TITAH A ST =S 5
BRI AR & RS m LRER LI=D T, ZOMEZ RS,

ZI IIRDZBE AL T —
YONFEIER GO, tkewvs) T s 4 “
SRS R T £ SR 72D T 3L E—T A
ZHEY A X DK F

WAL X B2 7 B2 A TOAT L —g ) %
FIEHLTWS, O3 MALiclie & S0 TREL.
78RN E L, MEMNTEIDEEEEE D & | wiaT
okifb i LU, BSOSV B3 B i
Hb, LU, T—7IHE TEROM B
ZB % BENRLLTU KNI 2EmNH5 (B,
D Y,

WEMCRET B,
Mo EAE < LTH
IHUNEETE ¢
KT

o

N HFE x

1 BAERKTFORENS
2.1 FREZEHE

TFREEWL T, ETZEBMET S THEMZ
HIEAR, Ny RIA b0 12 =72 EDRITHR,
Slfl « EHIIANOERISRIMSHIETZTENTES

(B2), &7, BEOBNEGZRENSEEE
ZARICIS CTAlIEZ Bl H I i T & 272 EORrh A
BB, UL, KIEHREH YD DR A= Y)0 H2 FREEXBOETFERS

YAMAHA MOTOR TECHNICAL REVIEW




ARy MERFEREICLSZEDFEDR L

AR VY OBFIC KD, R R, &
AR T2 IO MHATI b NTVREEDD,
Atk BT 1 E OB 2 R
BRI YIDBEZ B T EDHELNA, TRy E
REACHEN, R AR v R ) LI PR
b5, T, BEERZCTISTHEDES
DEZECPTWEREDR DD %,

22 ORybREE

Ry MERE T, BRI R, HL
I T INZ—=2V 7 ORI RSB A Al e
THY, BRI RERMNTBETH LN
nRECHS (B3, 4), Fie, RRHHiA e
MWTE, ZEMNTEMEMIONBREDED
%7, LhlL. OFT4—F T HAEDOBTTHA
Miz2id, @ CAD (Computer Aided Design) <
AT KB AT FA T4 —F T NOIWO A
TONTVBEDD, HTY T 78 EOBHMEIEIRD
T IHRIMEENBNIDEL, To—F 2T T —
2ZDEDODIERICRERTA 2 © (B5) . @hn -
Pk, [EREIEICHRERID DD B 2y, FREHELEX
D LB R LB ENH 5. @HISREL
TSR CHBRELTUE S A, Xt » MO
BRESZCIC IR IS D T E R WiE EDREZ R
AT\,

An Improved Robotic Painting Method that Improves Painting Efficiency

2 / 2 \ 2 \
% % %
% % %
= = =
BHE e No—2 B
2 2 2
% £ 2
% % ]
= = =
HFE WHES =58
3 BEERFHLBBVEOBZ
EOEEBET 3R,
m LEHDEENEY — 2T,
: BEALORVEEBE
= I | ramis. mopmis
i pury | —vTRETAANES
HENRN
=N
BEH

4 ZREAIBIDOZEE/ S —>ERH

5 3DCAD YRTAILLBHFTSA U T4—F I D—H

YAMAHA MOTOR TECHNICAL REVIEW




Ofy MR RUEIC LS BRNEORE

An Improved Robotic Painting Method that Improves Painting Efficiency

Zl T4 —F U FEREICHTSRVES rre—

3.1 T —21ERR L DhE O&y FRBR2ES — > 7 — 7 LD -
. _ . RAICKY., 7—JBEEARER. ARy b
311 ZRIEEE T meBORSLERS
s _ . BEOAY b
TRy b A—H— L FIBIFE LTz Ry RS 2 / ENRRANSTO0)

i E IR > A7 L N\DOEFDOISTEHT ST
& Ry MfERORIMEICHIKL. TRy k
BT ORED —DTdH - T LR H] 0D Je fi 1< HY
DA (B6.7), KZATLOFFECED, T— 2217
7 DElfig+F IV MEED ATREL 2D, REKDIHlfR
DATEELE LU, # 3 HOwEIER
R 2 R LTz o

28y —>F—T )
Y (SHESS - RIIEHIRIFZ)

ORy FOHRT =4
MNy—27F—T )&
EiEIE

3.1.2 #M¥T—5DARIL

[/ —DT 1 —F 7T — 2 THEEOB O EEL
. RT—7 TORERBRITIZISDENEL
5L, HAHABMTEIBENE LORENHRIT .
b, MOBETE, T2h, B REOMENNS SRR et
LBahdsd, ThuE, WO, TR,
FHUEEHCE R EDBRIRFEDN R TR B AITEL S E
DTH%, ENEFAPEDOENEGIE, BIEHE
{BEBENIT, TenDECRTLED, FHEZRE:
PMEVEOTIR, REDEL R0 TET M
U 9K%%, ZTT. HI—I TORELIBIE
H—{ticHo A, OBRUBET A NTORREH]
ERER ST — RIS BT T T —
Z2OEY T HZ2FMLT: (B8, 9), HHIT, ek H8 ZEFRNEOBENERL Y D—F
DT — 2 HbE TREENET O TLT % 2

FEF  BEAES

FiofE RERE

FRZHREL, k7T —2 & RISz 50 BT 20 |- lg%?& N B wEH: 199 28
&R ik 2 2,

95 LC BT —2OPME (SO #6> sl R

e (B10). choicky, mwr—xopmte §.0 BN

WCIRIIL, T —F 27 IO KR iz B LTz,

BE um
K9 EU—ITOEESHD—H

YAMAHA MOTOR TECHNICAL REVIEW




ARy MERFEREICLSZEDFEDR L

3.2 ZRFGORE(L
3.21 ZHRG

TR, FHEBIIERSBEIE LT, 2 IR Y Y
LAVREBRIZRALTWS, KUTLRZRER
E. ZORDITAVI T = (N=C=0) &%
IKEEEY) (RMICIZOH L) B, Thbd
DIISICEOT LRV HEGZED 3 JoclERED
BHEIEKTZ” [B®&11),

Ry MEETIR, BiRRO XS ICEREA T L
TR HE LN, BB OMERT -
i, T 2BROR 2R, B
EBRBUCH SRR > — D E L BRSO
g EEE S (B12), 22T REHE—t
WKXOIED AT T — 22V, AR,
V) REEDB AT IV —HNCHKFAHRS >~
F LR EEOKEERIRET A R 2L, Zh
ZNTiRLENTZRENBING DN S wE a2
(L322 LT. MRS FH—LBRKIE DR

An Improved Robotic Painting Method that Improves Painting Efficiency

4E

T —4
v hEiR
BEERMN

n

BiELZEOHELEDE
CELTA—FUODLE

BIELZBEEH—LICKY
BT — 4 £RA

AREHT —%
bk
BERRMHHL

-

AMIERR — ABRME
- sy > BEE#
s ;gﬂgi/’ T caxg

-

\ T4 —F O THHIE /

10 FA—FUUFEREODEZA

EH - 7O UIRY F— ViR BeH AV TR—b

OCN/™\_, OCN

HO 7 &\ )L tiths — OH

BRI
R-OH+R -NCO
—R -N-C-OR

Il
H-O

Wik &
7 & U ViR 7 & U LR

1 RUDLSSRERORGETI

200 — W &RV

ki XA ENENEOLZELEK T (F1. r me : ; ;
P A RE ! !
2), 175 [{ B> F—|-—t— - R ‘
T i S
150
#x
o
H 125 @t A g
I
100 | T b
75 | i | |
0 20 40 60 80 100
HiE %
K12 FRF—DREGHER
K1 HRF—DKERNZET A MERD—B K2 BEBMEOKEJNZETIMERDO—H
R F— £ F= U BRIk +t F= VU
HFR > — £H = EHR EEFNE BHE 2 1) |1EHERNE |[IBEE 28
B8 " " " BEE-2F
= (MER) | (MER) | (mEh) REZD O O O
A
o 5 A = a5 A g
vay |mE Lo | O o Ty |EewE | O e e
=2H ” B2 1 o
(mEn)|  © © RE2D) O O lmEn)
O : i, Y. MEBITHROHABDENDEME. O : @i, V¥ MEBICHROINEDENDSEME.
O: &fd, vy MEBICRIFENEBNEBONDIEN O: afl., vv. NEBICRIFHRINEBNBONDIEMN
A8, v, oWTInhICEENH DG A &, v oWTFnhICRIENH D%

YAMAHA MOTOR TECHNICAL REVIEW




ARy MERFEREICLSZEDFEDR L

An Improved Robotic Painting Method that Improves Painting Efficiency

WA

5 W6 i X

322 BRITREA

GERME ROk & a5 R LiciE, 2 ROERCTHERRE 2RI 208D, —
i, i EOERIRA N EOEE KT FENZE L. BRI AMOREZ /A2 T &
WHEETHS (B4, ZT T BT ENENRZ—2 I ESJOKAEREE T AN 2L, 57K
HETOBRPISR—VIPIRKONZ—VIRZRE T BT BRI, w73V -l
RKEL HNETRERMEOND BRI EhZsoE Lz (&R 3) .

3.3 R
T4 —F T FHESGHICIOMA, SV E 2 TR E B L [AELL BIcHERT T % Ldtic, O%
KMl R 35 ~ 60% 1Kk & B4 5 ~ 10% il FIC KO RIEAERI A MERZZR LTz, @7
MEARER (VOO 72 30 ~ 50% ik L., MEREREERAEICTT 59 % VOC HIJRICHRBA LTz, Qe
12 DY 5, 60 HRETH 77+ —F > 7 Wil sdb U, 2L REHE (i R O R 2 2R LTz,
®3 BEITEAN. NY—2ITENDKERNRE/NRG—FAR - BAEER

#Z 1t xT7 E &N

0.2MPa 0.3Mpa 0.5Mpa

/\, g."“ et & i
A
| |o
D
I
- o i R
K ik O Ak - X
h g : 16 X 5cm

(“ iy

o ¥

E i

o |

Sl

Bk x kO Ak - X etk - O
g : 21 X 6cm g : 7 X 4cm

0.4Mpa

etk - x oAk X Feak : O Foak : O
g : 10 X 4cm g : 8 X 3cm

o7 BERY -

0.5MPa

2r-5,5._ ..... Lo iaaERe

ek - X ik O ik O
g : 26 X 6cm g : 21 X 6cm

YAMAHA MOTOR TECHNICAL REVIEW




ARy MERFEREICLSZEDFEDR L

An Improved Robotic Painting Method that Improves Painting Efficiency

&4 ORyPEREICKDZERDER LIHIRO—HFI

FREZESA ARy hEESA

BET—
w2 28 _(ZH) BRE e |2EVE| BH (IA) GRE e |ZEDE

mE | 2 |F547—] TEY | r2Y % |[754==] T2vY [ rzvY %
BREZTS 262 276 30
Hhouvy 75— 108 495 440 20 #®mL (A47%)|(A37%) | (+10%)
o TV —% 48 109 104 15
Al A = 2 224 176 10 1(A60%)|(A52%)|(A41%)| (+5%)
K5 Oy bEESRICLS VOC HEZIRDO—HI
— FREZFESA ARy bEES A
I,B\IIIE.U_Q
VOC fFHE &g TOTAL VOC #HE ¢ TOTAL
WE | B& |JoAv—| TBY | t2Y | & [J5q4v—| T2y | t2y | &
BREZTS 219 233 452
hOUZT | k= 0 391 332 723 O |(A44%)|(A30%)|(A37%)
. TIL—% 84 86 56 226
NEN | =y | 138 176 95 409 | (A 39%)|(A51%) | (A 41%) |( A 45%)
HbbYIC O ss—

FREFEEN SRy MEEANOLFEREICELT, T4 —F T FRAGHICHOMA, o) T
4 BERE, E—VYA FIS—fih LR, S3)VAES 1RO 4 16 (U DWW Te Ry MER Lz
IR TEK T 5T MRz, UL, ERZ@ECTea Ry MEENEOLE IR, BHERE G
K ) OIS TR BRI E DB ETH Y, Ko, BEARZEERN Ficid, I
ITVEOERRIMED AR TH B, FHIE. INSRINTEREZ FH, 1Ry MlFEET
DRFEERAUICEPRIRL., BHERPROBELZ A LI HATOEY,

WZE 30
) 1T MBEXTL—H] |, TEEE No.166

2) MEEFHETF ¢ VOC HIRLE BEEZEDIZERE] |, THEE No.170

3) HHAEAZD : VOC HIREICH T DHRbaDEREFMENM] |, 224D No.132 Apr.1999
4) TIT7EE/\>EH> HB2000 > J—X (VD) | , 2RIl 2001 5 10 BE7 Y E-LR—k
5) IRAE ¢ MORyY MNBERIZATADFRETERL |, BEE 2001 F7 A5

6) TR TREIaL— 3 DR BETH Vol.36 No.6(2001)

7 FEEZE, 0 [FLRIOLY V] EBROBE No136 Apr.2001

YAMAHA MOTOR TECHNICAL REVIEW




2003.01.15

l _ d 9ég'ﬁt l/f\_
&&»#Vmﬁk%ﬂl#&ﬁi

Improving the Precision of Bevel Gear Surface Processing
Based on 3-D Data

W0 ¥ Jun Yamaguchi
@ MC EXAH LERMARE

As one means of reducing the running noise of motorcycles we have worked on improving
the precision of the shapes of tooth surfaces of individual bevel gears. At Yamaha Motor until
now our evaluations of gear tooth shapes has been based on differential tooth contact check
results. However, this is a technique that requires training and experience and we have seen
a considerable degree of discrepancy in observation results achieved by different technicians.
To solve this problem, we developed a system for bevel gear measurement by which even
technicians with limited experience can get quantified results.

Next we developed a system for correcting gear tooth shape processing. By controlling the
processing machines by means of shape-discrepancy data, we were able to reproduce master
shapes with a high degree of precision.

Here we introduce the resulting system that enables the processing of high-precision bevel

gears in a short amount of time.
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Crash Analysis of Motorcycle Tire
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Abstract

When a motorcycle crashes, the front tire generally receives the reaction force first. And the
force influences the following motion of the motorcycle and the rider. So the reaction force
for the tire should be calculated with a good degree of accuracy, otherwise the evaluation of
injury potential in a motorcycle crash simulation may have serious error. This paper describes
the development of the FE (Finite Element) model of a tire consisting of rubber, nylon cord,
aluminum rim and air. The results of the tire crash simulation using this model produced good

agreement with the data from both static and dynamic experiments.
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