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Putting Technology into Visible Forms
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It goes without saying that technological strength is one of the important pillars of a
manufacturer's competitiveness. However, you inevitably run into troublesome contradictions
when asking the question of whether or not the market is evaluating a maker's technical
capabilities correctly or not.

One of the indexes used for evaluating the status of a company's assets is the balance sheet,
but you will not find technological strength listed on this sheet. When a company buys a patent
for some technology, it is listed on the balance sheet as an intangible asset, but there is no real
measure of a maker's true technological strength to be seen here. Also, from the stockholder's
standpoint there is an index of a company's worth known as the aggregate market value (stock
price x total number of shares issued). But, stocks tend to be bought and sold with an eye for
short-term changes in price, so it is doubtful whether a company's technological strength is
being evaluated in terms of its long-term value.

Another aspect of technology is that some of a company's technologies must be kept secret,
and it is often in these technological secrets that the true value lies. However, I believe that
certain measures can be taken to make an effective evaluation of a maker's technological
strength possible. In 2003, Yamaha Motor Co., Ltd. (YMC) held a "Technology Explanation
Meeting" for industry analysts and journalists. After this meeting there was a rise in the value of
YMC stock that enabled a stock conversion on our convertible debt.

So, what exactly can be done to put technological strength into forms that can be properly
evaluated? While our System Supplier product development and manufacturing system (unifying
the development, procurement and manufacturing operations) has provided us with a general
overview, I believe that there is a need to harmonize the technologies of our different divisions.
No matter how outstanding our technologies might be, they will not be put to truly important
and effective use if they exist separately in the different divisions. I believe that it is when these
technologies are effectively integrated and connected together that we will hear our divisions
saying "Look how much we were able to reduce cost" or "Look how much the performance was
improved" or "Now we are able to build things we couldn't build in the past." It may sound crass
to speak of "turning technology into money" but I believe we will be losing a lot if we don't think
about effective ways to have our technologies evaluated positively. I hope that everyone in the
company who is involved with technologies will try to do something to help solve this dilemma I

have described.
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Of course, this is not to say that we can open up completely and show all of our technological
secrets. I think that the ideal practice is to draw little by little on the big "savings account" of

technologies we have stored up.
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The creation of a jet-propulsion watercraft business and looking to its future
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Abstract

A small watercraft born on a corner of Lake Hamana-ko (Shizuoka Pref.) has grown and spread
tremendously to become a craft that lets people in over 120 countries around the world today
enjoy the pleasure of riding freely over the water.

The history of the development of craft that can be called "water vehicles" is actually quite a
long one. Looking at French patents from the 1920s, we find a patent for a watercraft that can
be operated standing, sitting or lying down.

Since then, advances in the technologies and materials used in boat hulls making and in small
marine engines have led to the development of a wide range of craft that might be called "water
vehicles."

However, before Yamaha Motor Co., Ltd. (YMC) on the introduced its first Water Vehicles,
there were very few such craft in actual use and certainly none that could be called major
products.

This is surely because of the failure to eliminate the image of these craft as strange curiosities
from another world with an uncomfortable steering feeling, as well as the fears of the possibility
of capsizing or sinking or being stranded out on the water.

Then, in 1986, YMC developed its first Water Vehicle by enclosing an engine into a small-
hulled craft. This was a model with the seat positioned in the center of the craft with the back
left open so that it could be handled with excellent balance either standing or sitting, thus
offering exceptional running performance and maneuverability on the water.

This was a watercraft that eliminated the fear of the craft sinking if the rider fell off or
capsized the craft. If the rider fell off, they could easily remount and the craft could easily be
launched in even the shallowest waters. With this Water Vehicle, YMC took on the challenge
of establishing a place for the product in marine markets around the world. We believe that
looking back over the path we have come in the development of Yamaha Water Vehicles can be
a meaningful guide as we look to the future of these and other jet-propulsion watercraft. In this

report we review the history of YMC's Water Vehicle development.
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Abstract

Twenty-one years have passed since Yamaha Motor Co., Ltd. (YMC) established its IM
(Intelligent Machinery) operations in 1984 and developed its first surface mounter in the same
year. Looking back, it was a time when we had no technological base in the field and no sales
network to sell our products. All we had was the will to press forward as best we could and
survive in what for us was a new field.

In recent years our IM operations (now the in-house IM Company) has made dramatic steps
forward both in our business scale and technology to become a solid competitor in the market,
and we believe that we owe a great dept for this to the outstanding managers who have led us,
the efforts of the engineers before us and the proud YMC DNA they have handed down to each
new generation of engineers.

In this report we introduce the changes in the technologies of our surface mounters over the

years as they have progressed to become one of our main product lines.
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Creating and developing an ATV market on the Arabian Peninsula - The Banshee (YFZ350) of Arabia
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Abstract

Yamaha Motor Co., Ltd. (YMC) was founded in 1955. By 1963, the company was taking its
first steps to develop overseas markets in a number of countries, and in October of 1991, the
Overseas Market Development Operations (OMDO) was established within YMC. OMDO is
responsible for market development activities in regions including Africa, the Caribbean nations,
Central America, West Asia, the Middle East and Russia. In these regions OMDO works to develop
business that is closely involved in the local societies and service activities that are firmly rooted
in the localities, while also basing its activities on the pillars of international cooperation and
contribution to society.

On the Arabian Peninsula, YMC has worked in concert with our distributors and the customers
to build a large ATV market, especially for the YFZ350 Banshee model, through efforts to create
demand and develop a strong market base. In this report we introduce these efforts to create

demand and develop a strong market.
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Abstract

Big scooter models like the Yamaha Majesty and TMAX are used and loved by many customers
in markets like Japan and Europe. The Majesty 250 is now in the tenth year since its release and
the TMAX 500 is in its fifth year. During this time, some 250,000 units of the Majesty have been
sold, while TMAX sales have passed the 50,000 mark. Together they have established a major
worldwide product line for the Yamaha brand with combined sales of over 300,000. Big scooters
have a long history, with the first Yamaha "SC-1" model in this class being released in the early
1960s. In this report we give an outline of the development of the Yamaha big scooters of recent

years, concentrating mainly on the Majesty 250 and TMAX 500.
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Developments in Portable Generator Technology
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Abstract

Yamaha Motor Co., Ltd. released its first portable generator on the market in 1973. The model
name was ET1250. It was an open type synchronous generator with a rated output of 1.2 kVA
and was powered by Yamaha's MT110 2-stroke engine. With 32 years having passed since
then, Yamaha's generators have developed along with the trends of the times toward lightness,
slimness, and simplicity by rapidly becoming lighter and more compact to the point where a
generator of the same output is now half the weight of conventional models of not long ago.
Yamaha's latest silent type 2 kVA class (rated output) model "EF2000iS" mounts a 4-stroke OHV
engine in an aluminum die-cast frame. Designed for light weight and an appealing design, this
model is a product of Yamaha's brand strategy
to be "No. 1 in Quietness and Lightness." In this
report we trace the development of Yamaha's
generator technology from our first model to

our latest.
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Outboard Motors, Then and Now
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Abstract

It was in 1956 that Yamaha Motor Co., Ltd. (YMC) began studying the possibility of entering
the outboard motor industry. At the time, the marine market in the United States was in the
midst of a postwar outboard motor boom. In the five decades since then, YMC has accumulated
a wealth of experience in the outboard motor field. Although these 50 years may look short in
comparison to the roughly 140-year history since the first products that are clear predecessors
of today's outboards appeared in the world, for YMC these five decades have been a long and
often rough road. But it is a road that has led us to our position today as the world's largest
manufacturer of outboards in terms of unit production.

In this short report I would like to take a look back over this road that Yamaha outboard

motors have come along with our customers around the world.
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Abstract

When Yamaha Motor Co., Ltd. (YMC) showed a prototype named the "MT-01" as a special
exhibition model at the 1999 Tokyo Motor Show, it received high acclaim for its advanced and
innovative concept and original styling. Subsequently, YMC also received strong calls from
markets like Europe for a production model of the MT-01 to be marketed.

Meanwhile, as the aging of the user demographic continues, total motorcycle demand in the
European market has shown a strong trend toward stabilization at a scale of about 700,000
units per year. Within this, sport bikes constitute a central segment (approx. 1/4 of the overall
demand) that is continuing to show growth today amidst trends toward larger displacement
models and diversification regarding user tastes reflected in the products. In light of these
market requests and market background, YMC has developed the MT-01 as a 2005 production
model under the development key words of a "Soul-beat V-twin Sports" machine aimed at
offering "the ultimate hobby machine for the sophisticated adult." Through this model YMC
hopes to propose a new type of product for the mature user demographic that gives a clear
demonstration of our originality and uniqueness as a maker and further strengthens the Yamaha

brand image. Here we report on the development of the MT-01.
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Aluminum CF Die-cast Frame Tapered Handle

Full-covered Type Titanium Up Muffler With One Piece Type CF Rear Frame
with 3 Way Catalytic Converter Newly Designed Instrument Panel
Twin Bore Downdraft F.I 5 /Idel Speed Control System

Hydraulic Clutch

=1 Newly Designed Headlight
-

Fully Adjustable Upside-down Front Fork

Radial Mount Brake Calipers

Lightweight Crank
High Ratio 5-speed Transmission

Under-truss Die-cast Rear Arm
Fully Adjustable Horizontal Layout Rear Suspension Compact Titanium EXUP
Ox

ygen Sensor Feedback System
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Abstract

The Yamaha Motor group company i-PULSE Co., Ltd. has developed the mounting inspector
"Mi," a device used to inspect the condition of parts (chips) on a printed circuit board to verify
that they have been properly mounted by a surface mounter.

This is a device that is usually positioned in the production line after the surface mounter and
has the functions of verifying whether or not each part is mounted or not and whether or not
the positioning is correct. It is thus an inspection device that provides a real-time quality control
function that prevents any defective work from proceeding along the production line. And, as
a product, its connectivity and compatibility with the surface mounter are important qualities.

Here we report on the development of this "Mi" mounting inspector.
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"Mi"-A mounting inspector device created by a maker of surface mounters
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"Mi"-A mounting inspector device created by a maker of surface mounters
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"Mi"-A mounting inspector device created by a maker of surface mounters
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Design of a Bicycle Taxi for the 2005 World Exposition, Aichi, Japan

K1 BEEZ7V—

Abstract

In Europe and North America, where concern about environmental issues is keen, you will see
a variety of different styles of bicycle taxis on the streets. As for Japan, there were said to be as
many as 200,000 man-powered "jinrikisha" on the roads in the Meiji Period (1868-1912).

Later, bicycle taxis, either having a sidecar attached to the bicycle or a wheel-fitted passenger
seat positioned either in front or behind the bicycle, came into popular use in Japan as a simple
form of transportation when gasoline became scarce during World War II and the postwar years.
But, in both cases, the appearance of street trolleys and automobile taxis caused these vehicles
to eventually disappear.

At present, foreign-make bicycle taxis also mounting ad billboards have come into use as a
short-distance form of transportation in certain designated areas of cities like Tokyo and Kyoto.
In this way, the bicycle taxi has returned time and again after long hiatus, and they are now
making another comeback as vehicles with little environmental impact.

Yamaha Motor Co., Ltd. recently used the technologies and know-how garnered from a decade
of building PAS electro-hybrid bicycles to develop and supply seven units of bicycle taxis to be
used at the 2005 World Exposition, Aichi, Japan during its run this year. Here we report on the

development and features of these bicycle taxis.
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n — The "BaySports 21" and "AeroSports 21" Boats Constructed
% nn %H ﬂ by the FOAMAP Method
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Abstract

As the Japanese economy begins to show signs of recovery, we are seeing consistent demand
for mid-size boats targeting affluent customers. On the other hand, in the smaller boat category
demand remains depressed especially in the mainstream models priced inexpensively to target
entry-level boaters. In light of this, Yamaha Motor Co., Ltd. (YMC) released in this category in
2004 the "BaySports 16" model built by our new "FOAMAP" (Foam Manufacturing Process)
method and it has given us a major technological advantage that the other makers cannot
imitate. Establishing a lineup of models built with this new advanced construction method has
been a vital effort for YMC, not only from the standpoint of creating demand in this depressed
smaller-boat category but also because this construction method holds great potential for

bringing the customers boats with a higher level of "safety," "comfort" and "convenience." Amid
these great expectations we developed two different types of models built by our new "FOAMAP"
method at the same time, namely the "BaySports 21" and "AeroSports 21." Here we report on the

project to develop and build these two boats.
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Abstract

As of April 2005, tandem riding has become legal on Japan's expressways, and from June
there is a new license category for automatic transmission 2-wheelers. These deregulations
and laws are sure to be a stimulus to the motorcycle industry. Especially in the Light 2-wheeler
(126-250cm’®) category where the big scooters have led a continued growth, Yamaha Motor Co.,
Ltd. forecasts that the impact of these regulation changes, like the new AT license, may bring
sales increases of up to 30%.

As the pioneer and leader in this category, the Yamaha Majesty series has continued to win a
growing number of customers, recording a total of over 100,000 unit sales of Majesty models
since its release in 1995. During these ten years, the trend in user tastes has been a division into
three main categories: those interested in utility use, those interested primarily in touring and
those for whom their motorcycle is a fashion item. The target for the new Yamaha "MAXAM" is
this last group that places importance on the fashionable aspect of the motorcycle they choose,
and it is a model that Yamaha presents with confidence as the next big entry in this category

since the Majesty series. Here we report on the development of this new MAXAM model.
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Abstract

In recent years the trends toward larger LCD (Liquid Crystal Display) manufacturing
equipment and faster factory transport systems have created the need for robotic arms
with longer strokes as well as high speed and accuracy to serve as the drive arms in factory
operations. To answer these market needs while also adding new value to differentiate our
products from those of the competition and bring new creativity to the single-axis robot
category, Yamaha Motor Company's IM (Intelligent Machinery) Company released in November,
2003 the MR type models of our "Phaser Series" shaft-type single-axis robots with coreless
linear motor.

Now we release on the market our new MF type models of this series as the new top-of-the-
line models capable of accommodating heavier loads over a longer stroke. The new MF models
adopt the linear scale positioning mechanism developed and put to use on the MR models while
utilizing a core-equipped linear motor as the drive motor to achieve a maximum load capacity
of 100 kg and a maximum stroke of 4 m. And, despite their large size as single-axis robots, the
MF type robots have also been developed to achieve high levels of speed and accuracy while

maintaining low product cost.
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The MF type models of Yamaha's "Phaser Series" linear motor single-axis robots
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The MF type models of Yamaha's "Phaser Series" linear motor single-axis robots

S EioT

42 EHEE

)7 E—Z—HIlTIR. Gl E—2— TV =7 A —)VREE S 3 7 )V — X R TH
%7128, BE— 2 =R L X T A X —L ORITEMR D MTELR WV, D72 R—)L 2 VR ED XS 7%
INY 7Ty a b EL L FEOERDR UM BRSO RE S E K TE % MFZA 713 MRZA T X0 E KAITIE
HBEDD, HIHFRIIMREA T LA —TH B0, AT AA—IZA T THO NS, £5 umLLFD
WROIR LN ETRDIEE 2R L T 5,

ORyhbarba—35
MFZA 713, 2Ry ha>r ka—5—Iic, SRCP(H

8) BLURCX141 (B9 ZHMH LIz ia> ha—

TR B R BIC YN EER > TE

T B0 ) N RS LTz fisd TR O f v

D TH%,SRCPIZ.MREZA T ZHEEE B B F8IC

BFEE NI 1ERE Y P a—5—THO kD

ORy FSRERMIH L7 0Y S LEH D ATRETH

% Fic, 2OV ZB A c e s Uiz, U ED

LDTH%, F-.RCX141i%, PHASERI Y — Xl

1. HBVIEPHASERS Y — X+ R — )b % & Hiifif,

AU Hidilz [RIREIC I T E 2 2R a >

1—7—TbH%. 8
RCX14113. i KAME THIFEITZ 5728, 1l I

IC2ATA X —RBLE LT A T )V v ) 7 ALER O il

R, 20 & FHIE S 57 27 VRS A4 7 il ) =

7E—Z—HlE L 2HGE R - —E

SALRRDHIEAE LT T 228D TE S, w1,

Oy Aba—7RSOMEZ AT DRFEICKD,

MRZA 7T EZBDRON Tz ERERY F D

N—RifE L CORHEREL 72 578, @ liiaxal

DOWREMEMN K ELILDO  EFEH R Y POV =T

E—X— bW ESIEGEDE ARG TE 5,

E9 nOARvy barka—3>—RCX141

YAMAHA MOTOR TECHNICAL REVIEW




)Z7E—2—HgnOxR vk PHASER V) —X MF 217

The MF type models of Yamaha's "Phaser Series" linear motor single-axis robots

S EioT

Bhylc

PHASERZU—AMRZ A 713 FEZERI T Ay M i COPAZERZF T L, Mtk a Ry b OFi Al hE
PSR A DIRE R Rz Uz, ChUCEiMFZ A 1 MRE A 7 THi A 72\ 2 filise 3 % 7z
DITHEMBAF T o Tz, 5% T = — A& RIS KB 2R MBI 2T TR, A A b e dica—
P—ICEATVERFZ2EDZHR ML T ERL,

A

B ax ER FEF BEsh
Ryou Kamogawa Keniji Ishizuka Akifumi Hirano
IMA>VIN=— IMAINZ— IMA>INZ—
BT F—L BfrF—Ls BfrF—Ls

YAMAHA MOTOR TECHNICAL REVIEW




2005.07.25

ILYM)y 332 —42— TEC-02) DR

Development of the Electric Commuter "EC-02"
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Abstract

In recent years the concern about environmental and energy issues continues to grow. A look
at the history of Yamaha Motor Co., Ltd. (YMC) shows that we have been involved for many
years in the research and development of electric motorization technologies, which led to the
early introduction of the electric scooter "Frog" as a concept model shown at the 1991 Tokyo
Motor Show and the 1993 market release of our PAS electro-hybrid bicycles.

Then in November of 2002, we introduced on the market the electric commuter model "Passol"
that proposed the world of a completely new type of clean, silent-running vehicle designed from
the ground up to take optimum advantage of the unique qualities of electric motorization, as
opposed to simply mounting an electric power unit on an existing scooter chassis. This model
has won a popular following mainly among fashion-conscious women in their 20s and other
users who appreciate the easy advantages of an electric-powered vehicle.

Meanwhile, there has also been a call mainly from male users for electric vehicles that are fun
to use. To answer this type of need from the market, we developed the "EC-02" as a "Fun-to-ride
minimum commuter” full of enjoyment that is only possible in an electric-powered vehicle. Here

we report on the development of this model.
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Development of the Electric Commuter "EC-02"
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Development of the Electric Commuter "EC-02"
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Development of the Electric Commuter "EC-02"
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Development of the Electric Commuter "EC-02"
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The mold-making technology used for the Himiko

B1 REEK ENRTEZO)
Abstract

When the axe swung by Reiji Matsumoto cut the rope tied to the hull, the huge form of curved
surfaces began to slide down into the water. The scene was the launching ceremony of the
futuristic waterbus Himiko held in the drizzling rain on November 19, 2003, at the Kanagawa
Dockyard Co., Ltd. in Kobe. Produced by the famous manga and anime artist Reiji Matsumoto,
this 33.3 m boat with its swirling curved surfaces welded together from steel plates was not yet
painted, but from its deck rose a proud teardrop shaped cockpit canopy. As I watched with a
feeling of great relief that we had been able to meet our deadline, I looked back over the previous
six months.

Some 45 years have passed since Yamaha Motor Co., Ltd. began designing and building boats.
The mold-making technology that we have accumulated over those long years of experience
were used to their fullest in the building of the Himiko. In this report we introduce the mold-

making technology used in the Himiko.
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B e The mold-making technology used for the Himiko
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Abstract

There is one troubling doubt that always assaults product planners when drawing up
proposals for new businesses or new products. That doubt comes when trying to answer the
difficult question of how many units will actually sell of (what the planner believes at the time
to be) a revolutionary product or a product that they are attempting to differentiate from the
competition by giving it a design that includes "value based on emotional appeal." No matter
how carefully the planners think they have conducted their market research, there are times
when actual sales results when the product comes to market are tragically below the planning-
stage predictions (but, of course, there are also times when the initial prediction is wrong in
the opposite way and the product becomes an unexpected big hit). The reason for these mis-
predictions is that the planners must try to survey consumer reactions to a "product that has
never existed before" or a "product with an appeal that is emotional (and subjective)" and in
this kind of survey it is difficult for the consumers being surveyed to compare and evaluate the
conceived product with something that actually exists now. And, in such a case, the consumer's
response is most often determined by a vague sensibility (mental image) and they will often give
an inconclusive answer like, "I might like to have a product like that, but I don't know if I would
actually spend money to buy it." Therefore, what makes this kind of demand prediction difficult
is the difficulty of translating the "emotional (subjective) value" expressed in these responses
into "quantitative" data.

Because such predictions are so difficult, in the end you have to actually start selling the
product before you will get an answer. But, in order to justify bringing such a product to market
and starting sales, you also need to be able to provide plenty of data. But, these remain products
with which you can't get really convincing data until you actually start selling them. This is truly
a dilemma.

In our project we asked ourselves a simple question: Can't we find a technique to help solve
this dilemma by creating a model that addresses the factor that makes this kind of demand
prediction so difficult? In other words, we asked ourselves if there wasn't a way to "quantify
emotional (subjective) value." The eventual aim of our research had been to create a business
model that would provide "emotional (subjective) value" but we were unfortunately forced to
shelve it when we were unable to find justification for the product development and production
cost. In this report we present an outline of what we learned from the research process up until
the point where the project was shelved, the actual research that was conducted and ideas we

got for a business model based on our research results.
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Development of sympathetic nervous system activity monitor
using salivary amylase activity

RAAE KHFRX LA S

Abstract

In order to understand human sensitivity and emotion, it is considered useful to evaluate
the functions of the the autonomic nervous system (the sympathetic nervous system and
parasympathetic nervous system). In addition, it is understood that the salivary amylase activity
reflects the sympathetic nervous system activity based on the results of recent studies. In order
to easily monitor the sympathetic nervous system activity in daily life, a dry chemistry type
salivary amylase activity analyzer was then developed. By developing a method for quantitatively
sampling a small amount (~ p L) of saliva, the technology for measuring the salivary amylase
activity using colorimetry has been established. Functions to eliminate the effects of the ambient
temperature and the pH of the saliva on the measured value are included in this instrument.
The measuring range is 10 - 140 kU/L, and the measuring accuracy of R* =0.99, which exceeds
the standard value of R°=0.95 for the portable measuring instrument, have been achieved. This
instrument can precisely analyze the salivary amylase activity in about one minute including the

time for sampling the saliva.
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Shortening of MTTR of NC Machine by Developing Maintenance
Information Retrieval System
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Abstract

On the many production lines in the machine workshop of the Yamaha Motor Co., Ltd., NC
(Numerical Control) machines such as the machining center, etc., are mainly being used. In
general, the NC machine has the features of good versatility and high precision processing, and
it also exhibits a high reliability because the qualities of its components have been improved. On
the other hand, it has disadvantages such that the processing operation and the control method
are more complicated compared to a conventional machine. Therefore, the MTTR (Mean Time
To Repair) of the NC machines is about 1.5 times that of other equipment. One reason for this
problem is that the search time to determine the failure is influenced by the skill level. In order
to shorten the MTTR, it is very important to shorten the failure cause search time.

Until now, the manufacturers of machine tools have developed machines, which are trouble-
free, maintenance-free, have a good longevity and a good durability. The users also tried to
extend the MTBF (Mean Time Between Failure) by improving the standard model using the MP
(Maintenance Prevention) design based on the past failure log. However, making an investment
in such machines is reflected in the product being processed, which leads to the increased cost
of the product. Therefore, machine tools equipped with a support system, which focuses on
shortening the MTTR, rather than extending the MTBF have been commercialized by many
manufacturers in recent years. Although these machines indicate the condition of the machine
such as the malfunctioning part, etc., it requires a long time before finding the cause of the
failure if the control system and the malfunction detection system are not well understood, and
they are not related to shortening the MTTR. In particular, it is important to efficiently provide
the maintenance information such as the failure diagnosis method and the procedures for
exchanging the parts and its adjustment in order to successfully undergo the search process
of the failure cause and the parts exchange and adjustment method for recovery (hereafter,
troubleshooting).

Consequently, at this time, we have begun the development of a support system that every
user can easily use during the troubleshooting. For this development, we made it in-house in
order to easily expand the function and to add the know-how in the future. As a result, a new
system, which can decrease the failure causing search time and minimize the difference in the
level of skill between the maintenance engineers, has been put into practical use, and it will be

described in following studies.
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Performance Development with a Single-cylinder Engine
— Combustion System Improvement for Optimizing Engine Performance

EHRX

Abstract

In recent years, many 4-stroke outboard motors have been developed in response to market
demand. Because of the complicated engine structure of a 4-stroke, however, they tend to be
larger and heavier than a 2-stroke outboard. Contrary to this tendency, an outboard motor by
nature should be lightweight and compact so that it does not detract from the inherent character
of the boat it is mounted on. In addition, due to the nature of boat use, an outboard needs to
deliver a high level of torque in the mid-speed range. In this kind of high-load use in the mid-
speed range, knocking can be a factor limiting specific torque (torque/liter). In this research we
used the latest analysis and developmental technologies to attempt to improve performance on
a single-cylinder prototype engine by improving combustion characteristics. Here we report on

the process and results of our performance development project.
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Performance Development with a Single-cylinder Engine
— Combustion System Improvement for Optimizing Engine Performance
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Performance Development with a Single-cylinder Engine
— Combustion System Improvement for Optimizing Engine Performance

Spray targeting

Avoid flow
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Improvements expected with

-Symmetric ports

-Injector near intake valves

-Intake runner for minimum flow speparation

modifications for symmetric port design
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upward flow down

470 deg CA,z=-30mm
Flow modeling in motored engine,axial flow field

b. CFD flow analysis
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Valve lift : 8.12mm
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Axial flow field in stationary flow rig test

c. stationary flow test results
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combustion less knocking:piston surface
chamber and modified squish area design, better outflow at
piston valve seat area increase volimetric efficiency ~ 2%

port / manifold: | less knocking:better charge distribution and

symmetrical in-cylinder flow
smoother curvatures increase volumetric effciency
~ 1.5%

injector near less knocking:better fuel distribution

intake valve less wall film

« less HC emission
- faster combustion
+ better dynamic response

Squish gap:Tmm | less knocking:flame propagation after TDC
All modifications combined | BMEP improvement up to 1 bar in wide rpm range

10 Design elements and their benefits for the target configuration
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