«YAMAHA

YAMAHA MOTOR
TECHNICAL REVIEW

YII\FEERE FR

YSEE | A EF 9 X EEED D



— .'}.‘ TOY ,-_d*- T

=

A

T I\FKE)

2005-3
No.39

h Qs e
1

H BR

P IEFHR
PRIERLAD

1

YINREED I EF 2 A H

Ubiquitous Technologies of Yamaha Motor Co., Ltd.

AR IEA
Y/\ASV-3 GoER LA E) DR

Development of the "Yamaha ASV-3" Advanced Safety Vehicle

BEREF—/ K W—/ RE S/ RE FE/ BB AN

INREEN " HREOSHDRH TR AT L

A Fuel Cell System for Small Electric Motorcycles

E BT
Ea—<rero05
Human Sensing

KEF R

TREBYIVETTA Y- IVEFRY O/ Al —5—
A Motorcycle Sound Design Tool and New Type Sound Simulator

A &
B A e s ERENET

Voice and Image Recognition Technologies

ESERE 3%

AEF 2R EEEWmERALT:
Unmanned Vehicle X5 L~UGVDRIFE~

Development of the "UGV" Unmanned Vehicle Incorporating Technologies
of the Ubiquitous Computing Realm

= RS/ SH EA /R R



YAMAHA MOTOR TECHNICAL REVIEW

> BT

» Heitiam L

39 EJVa—)IERY—-—T—-XATUZ2—YG100
The Module Type Surface Mounter YG100
A 2T

a5 | Ay F2C7EEORY FYMSY)—X
"YMS" Series Rod Type Single-axis Robots
B =

a9 | SAEYINTH— Z—TI31&Z—T7514F—
The 5-passenger Golf Cars "Turf Joy" and "Turf Liner"
AL /T BB RN RZ

ss | AZ+O—fES 4 FT60BINARASAMETIV
The 4-Stroke Outboard Motor "FT60B" (High Thrust Model)
L/ REE

59 | 4AFO—7 IN—VFIVIx—2—75T7F(PWQ)
VX110 Sport/VX110 Deluxe
The VX110 Sport and VX110 Deluxe Personal Watercraft
Him B /I E%& /P &

66 | ESfRFUAV RMAX GO-1
The Observation-use UAV "RMAX GO-1"
AR BhA

7 AFIV—REEIC LS L RiRENDFTE REWSNK
Scaling and Evaluation of Whole-body Vibration by the Category Judgment Method
S TEF/ #IR F5 /50 Sk

so  WEERSIEI (FS) XimEkdOv FORR

Development of Fracture Splitting Method for Case Hardened Connecting Rods

AMRHE Ml / =l A / BEER 15 / /) RES



2005.01.12

AEF 2 ABEEF DO Kk

Y NFEERDO L EF 2 XHE i

Ubiquitous Technologies of Yamaha Motor Co., Ltd.

#8AK IEA  Masahito Suzuki
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The theme of this edition of Yamaha Motor Technical Review is ubiquitous technologies. The
English word ubiquitous comes from Latin and means omnipresent. The expression "ubiquitous
computing” is being used today to mean "a computing environment where computer chips and
networks are incorporated into our life environment and being used often without the users
even being conscious of where they are or that they even exist." We now live in a society where
this kind of ubiquitous computing environment is already beginning to take shape. Before long,
people will be able to access their office computers from their cell phones. We are also on the
verge of a computing environment where networks will connect things like our PDAs (Personal
Digital Assistants), IT-competent home appliances with built-in microprocessors, car navigation
systems and multimedia monitors in convenience stores to enable us to access a variety of
computers in distant locations no matter where we are.

In other words, ubiquitous technologies are going to make our lives a lot more "convenient."
The home electronics and IT industries are working to use these technologies to supply us
consumers with "convenience" as a product value. The same is true in the automotive industry.
Products like car navigation systems and ITS (Intelligent Transport Systems) technologies are
making things much more "convenient" for drivers.

So, what does ubiquitous technology mean for Yamaha Motor Co., Ltd. (YMC) and what value
should we supply to our customers with these technologies?

The diagram shown here is one that was used to explain YMC's approach to ubiquitous
technology at a Technology Briefing in July of 2003. What it shows is that YMC uses these
technologies to provide our customers with excitement, new types of recreation, security and
comfort. And it also shows that we are using these technologies to develop new areas of business
like unmanned observation vehicles.

As we use these ubiquitous technologies that are indeed becoming omnipresent in today's
world, we are trying to give a unique Yamaha Motor "value" to what we supply to our customers.
Progress in ubiquitous technologies is causing a rapid evolution in motor vehicles to the degree
that they are becoming more and more like robots. Within this technological progress, we
aim to provide our customers something more than just added "convenience." We want to use
these technologies to help our customers enjoy the trademark "Exciting Performance" of YMC
products with an even greater sense of security and in greater comfort. We will also propose

new types of recreation. I believe that this is indeed the "value" that YMC should supply and
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the form that our ubiquitous technologies should take as a company dedicated to the corporate
mission "We Create Aando - Touching Your Heart." Another new "value" that only YMC can
supply the customers is our unmanned observation technology.

We hope you will read this issue of our Technical Review with this philosophy in mind. In
these pages we hope you will find an expression of the spirit with which our technical staff apply
themselves to their research in hopes of creating unique new value that we can eventually offer

to our customers.
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Development of the "Yamaha ASV-3" Advanced Safety Vehicle
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Abstract

ASV is the designation for the Advanced Safety Vehicle development project promoted
by Japan's Ministry of Land, Infrastructure and Transport with the cooperation of industry,
government agencies and academia. The ASV program promotes the development, practical
use and spread of safer vehicles as a means to help prevent traffic accidents, and as a corporate
participant, Yamaha Motor Co., Ltd. (YMC) has been active in the motorcycle area of the 2nd
Stage ASV (1996-2000) and the 3rd Stage ASV (2001-2005) programs. The contents of YMC's
ASV projects are the development of safety technologies for the motorcycle itself as well as
systems involving tie-ups with the safety functions on other vehicles or the road infrastructure.
YMC displayed its "Yamaha ASV-3" research vehicle at the 11th World Congress on ITS
(Intelligent Transport Systems) held in October 2004. ITS is a new type of transportation system
that attempts to apply the most advanced information technologies to create networks involving
the driver, the road infrastructure and the vehicle that can help solve the problems of today's
traffic environment by helping to prevent accidents, avoid traffic jams and the like. Taking a
broad perspective on ITS, we at YMC have developed four ASV technologies that deal not only
with safety but also rider convenience. In this paper we describe the development of our four

proposed systems as seen on our "Yamaha ASV-3" research vehicle.
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A Fuel Cell System for Small Electric Motorcycles

BE(EF  Shuhei Adachi
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Abstract

Following the recent decision by Russia to ratify the Kyoto Protocol, it is now all but certain
that a final protocol will be issued and we will be entering an era of mandatory reductions
of greenhouse gas emissions. It is said that approximately 20% of all emissions of CO, come
from automotive vehicles. This is adding momentum to the development of technologies by
corporations in the transport vehicle industry to improve the environmental performance of
their products. Within this movement, the fuel cell is looked to as one of the ultimate power
sources, due to the fact that it releases no toxic gases and achieves highly efficient energy
conversion. With regard to the attempt to utilize fuel cells as a power source for small electric
motorcycles, we have now reached the point where the technological problems and the
directions for their solutions have been clarified and we can now visualize a road map for
bringing fuel cell motorcycles into practical use. In this report we describe Yamaha Motor

Company's development of a fuel cell system for small electric motorcycles.
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Abstract

The science of ergonomics that seeks to understand in scientific terms the complex living
organism that is the human being, is now referred to by many scientists working primarily in
the U.S. as "human engineering," as they apply a concept of system engineering that views the
human being from the standpoint of larger systems. The purpose of human engineering is to
optimize the relationship between humans and mechanical systems. Meanwhile, it has been
pointed out that the most serious accidents involving aircraft outfitted with automatic control
systems based on today's most advanced technologies, result from the fact that this automation
technology has developed in a direction that is too machine-oriented. In other words, the more
advanced this type of machine-centered automation becomes, the more removed the human
being becomes from the mechanical systems. This has led NASA, for example, to release a set of
principles for the development of human-centered automation systems. This is clear evidence
that we are beginning to see a shift in the focus of automation technologies away from machine-
oriented automation and toward human-oriented automation.

Meanwhile, a new field of research called "kansei engineering" (engineering oriented toward
human sensibilities) began in Japan in the 1990s as increasing levels of material affluence led
to a growing search for spiritual and emotional enrichment. The reason behind these engineers'
efforts to actively introduce into the field of engineering the word kansei (sensitivity, sensibility,
perception), which is traditionally a term used in the fields of philosophy and psychology, is that
we have entered an era where taking into account individuality and personal values has become
a necessity in the field of product creation.

In light of such conditions, it has become important to develop human-oriented automation
technologies and technologies that place importance on human feelings and sensibilities. And,
this makes it necessary to employ "human sensing" technologies that provide engineers with
quantitative understanding of the human being's mental/emotional state. Here we report on our

investigations into the potential and applications of human sensing technology.
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A Motorcycle Sound Design Tool and New Type Sound Simulator

AIE {8 0samu Maeda
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Abstract

As the sound levels permitted for automobiles have been lowered in recent years, more
attention has come to focus not only on the volume of sound emitted by automobiles but also the
quality of that sound. The same is true for motorcycles. In fact, it can be said that due to the fact
that motorcycles tend to be used as vehicles for leisure enjoyment more often than automobiles,
their owners are believed to be especially sensitive to sound quality.

As a result of these trends, technological efforts in the automotive industry have come to focus
on how to improve sound quality and what kind of sound to produce. These efforts include not
only improving the sound of individual vehicles but also how to involve vehicle sound in the
various makers' (brand) image strategies. Overseas, makers are now involved in the work of
creating brand sound, as exemplified by the recent case of a U.S. motorcycle maker trying to
register the sound of their products as a type of trademark.

No matter what kind of product a maker is trying to create, the result will not be good if the
development aims are not clear. If a good product should happen to be created without clear
aims, it is a rare case of coincidence and luck that cannot be repeated. In the case of sound as
well, a good sound cannot be created without setting specific goals. If the concern is only to
meet noise regulations, then it is enough just to set a specific decibel (dB) goal. But if the concern
is sound quality, you have to "design" the sound rather than being concerned only about decibel
levels.

In spite of this fact, no sound design tool has existed until now for motorcycles. Within
Yamaha Motor Co., Ltd. we have had a sound simulator designed to reproduce on a computer
the sound of a motorcycle, but it was only designed for entertainment purposes. In this project
we set out to create a sound design tool and simulator specifically for the purpose of designing

motorcycle sound. Here we report on this development project.
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Voice and Image Recognition Technologies

2R 1832 Hirofumi Mochizuki
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Abstract

What do most people envision when they hear the terms voice recognition and image
recognition technologies? Is it the visual functions or aural functions of robots? It can be said
that voice recognition and image recognition technologies are technologies involving the
reproduction of some portions of human recognition function in mechanical devices. However,
these are areas of technology about which many people might think they understand the general
concepts but in fact there are many mistaken conceptions. These misunderstandings come from
the fact that the process of recognizing things at a single glance is very simple for human beings
and the fact that we are aware that computers can perform complex and difficult calculations.
In this paper we present a simple discussion of how much can be done in the areas of voice and
image recognition technologies, how these functions are used in the world around us and what

uses will be made of them in industry in the future.
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Development of the "UGV" Unmanned Vehicle Incorporating Technologies of the Ubiquitous Computing Realm

#HA E Tsuyoshi Kamiya SH EA Hirohisalmai M #8  Yutaka Masuda
O BJEER UV OIzvh / HEEEER uvIOdzot /| BERRE

uGgv umv UAV

X1 BIFELIUGV. UMV, UAV
UGV(Unmanned Ground Vehicle : B{2#EARELE )
UMV(Unmanned Marine Vehicle : B2 Afi )
UAV(Unmanned Aerial Vehicle : BEEBAANY 3742 —)

Abstract

The ubiquitous computing technologies that have been under development since the 1980s
are typified by network environments like the Internet and are continuing to expand into
realms like real-time operating systems that make it easier for any device to access networking
computing and sensing technologies capable of recognizing different types of computer
environments.

Yamaha Motor Company's UV (Unmanned Vehicle) project utilizes these technologies of the
ubiquitous computing realm in an attempt to develop vehicles that can contribute to society in
new ways by performing "3D" jobs that are "Dangerous, Dirty or Dull" with unmanned vehicles.
In addition to our initial unmanned helicopters, we have now developed land and water vehicles
as well. Presently, we are investigating the possibilities of developing new business based
on developing practical vehicle platforms that can be used for tasks such as harbor or coast
security, disaster relief, observation, surveillance, measurement and surveillance and observation
in dangerous areas.

Here we report primarily on the systems in our recently developed "UGV" and the ubiquitous

realm technologies it utilizes.
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Abstract

Surface mounters are the machines used to mount electrical/electronic components on the
printed circuit boards used in a wide range of products today from cell phones and PCs to home
appliances with digital control systems. As a surface mounter manufacturer, Yamaha Motor
Co., Ltd. has continued to introduce a high-speed line of module type models with high levels
of multipurpose versatility for creating production lines capable of dealing with the increasing
diversity of products and faster development cycles faced by today's manufacturers. At the same
time we have worked to increase the speed, reliability and operating efficiency of our mounters.
Thanks to these efforts, our mounters have won a very strong reputation in the marketplace.
However, the market is now calling for even greater added value with higher levels of accuracy,
efficiency, multi-function capability and reliability as well as greater space saving, energy saving
and ease of maintenance. In answer to these market needs for ever higher levels of performance,
we developed the new "YG100" as a high-speed, high-accuracy, multi-function multipurpose
module surface mounter, despite its compact size. In this paper we report on the YG100

development project.
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"YMS" Series Rod Type Single-axis Robots
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Abstract

At the IM (Intelligent Machinery) Company of Yamaha Motor Co., Ltd., we have developed a
new series of rod type single-axis industrial robots, named the "YMS" series, and corresponding
"ERCD" robot controllers. These rod type robots function more quietly, create a cleaner work
environment and run on less energy than conventional robots utilizing a pressurized air cylinder.
Due to their inherent qualities, these robots can also be used in harsher work environments.

Here we report on the development of these models.
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Abstract

There are approximately 2,400 golf courses in Japan today, and over 90% of them use golf
cars. These golf cars have become an established and essential piece of equipment at golf
courses today for transporting golf bags, the golfers and other related accessories around the
course. Golf cars give the golfers a greater sense of security and comfort, while also contributing
to golf course operation by speeding up play, reducing staff labor and attracting customers.
Due to the playing habits of Japanese golfers, the most commonly used type of golf car is the
5-passenger type (one caddie, four golfers). Yamaha Motor Co., Ltd. (YMC) launched its first full-
fledged manual steering 5-passenger gasoline engine powered golf car, the G15A "Turf Joy" on
the Japanese market in 1994. Since then YMC has introduced new models one after the other,
including the gasoline engine G17A "Turf Liner" and its electric motor version G17E, both
featuring an electromagnetic guidance system, as well as two more versions of our manual-
steering models named the G15AP and G15EP "Turf Joy" featuring an "auto parking" function,
which is a system that automatically applies a parking brake whenever the golf car is stopped.
Yamaha golf cars have the functions, performance and economy to answer user needs and the
Yamaha brand now commands a 60% share in Japan's golf car market.

Here we report on new 5-passenger golf car model development with the aim of achieving
even greater product value (functions, cost), security and comfort while also satisfying other

changing needs of the golf environment.
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The 5-passenger Golf Cars "Turf Joy" and "Turf Liner"
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The 5-passenger Golf Cars "Turf Joy" and "Turf Liner"
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Abstract

FT60B/I\AASAMETIV

The 4-Stroke Outboard Motor "FT60B" (High Thrust Model)

In June of 2002, Yamaha Marine Co., Ltd. released the 4-stroke outboard motor "F60A" on

the world markets, where it has won high praise as a model that provides superior performance

on smaller, lighter boats. In August of 2003, production began on the variation "FT60B" (High

Thrust Model), which is intended for use on mid-weight to heavier weight boats and has also

won a strong reputation in the markets. In this report we present an outline of this FT60B

model.
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The 4-Stroke Outboard Motor "FT60B" (High Thrust Model)
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The 4-Stroke Outboard Motor "FT60B" (High Thrust Model)

Diameter X Pitch
:14-inch X 11-inch
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AAMA—T IN=YFIVIF—2—9FT (PWC)
VX110 Sport/VX110 Deluxe

The VX110 Sport and VX110 Deluxe Personal Watercraft

Fim 852 Toshiakilbata /I 83,  Tomoyoshi Koyanagi
i & Mitsuyoshi Nakamura

@ Yamaha Motor Manufacturing Corporation of America, Product Development
[P\ HAEE  F 3Kl

Abstract
In 2002, Yamaha Motor Co., Ltd. (YMC) became the world's first PWC (Personal WaterCraft)

maker to release a production 4-stroke PWC model, the Yamaha "FX." Since then, 3-passenger

family-use 4-stroke PWCs have become the market's mainstream models. With the largest
horsepower 4-stroke model now boasting a 215 PS (158 kW) engine, the current market trend
has turned to high-horsepower, high-priced models.

Meanwhile, popularity also remains strong in the marketplace for more affordable 2-stroke
models of lower horsepower and a lower price range, which are purchased mainly by entry-level
customers and rental operators in an active market segment.

In light of these market conditions, Yamaha's new WaveRunner VX110 is a 3-passenger
family-oriented model powered by a 110 PS (81 kW) 4-stroke engine and designed to offer
riding fun and comfort at a price that targets the entry-level and other lower price-scale
customers. In this way it is strategically positioned to stimulate growth in this market segment.
In this report we discuss the development of the WaveRunner VX110 with its "Sport" and

"Deluxe" versions.
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The VX110 Sport and VX110 Deluxe Personal Watercraft
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The VX110 Sport and VX110 Deluxe Personal Watercraft
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The VX110 Sport and VX110 Deluxe Personal Watercraft
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The VX110 Sport and VX110 Deluxe Personal Watercraft
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The VX110 Sport and VX110 Deluxe Personal Watercraft
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The Observation-use UAV "RMAX GO-1"

#ABAA  Hiroto Suzuki
QI EEHER DA FEDR

1 RMAX GO-1D% 8
Abstract
In the summer of 2004, the Sky Operations division of Yamaha Motor Co., Ltd. (YMC) released
the "RMAX GO-1" as a UAV (Unmanned Aerial Vehicle) for observation use.

This craft is a specially outfitted version of Yamaha's autonomous flight-capable utility-

use unmanned helicopter that has been developed specifically for observation operations.
One of the focuses of the development project was to give this unit the capability to perform
observation operations any time, day or night, and in any season or weather. Also, in addition to
the helicopter and its systems, the project simultaneously developed a training system for the

helicopter's operators. In this report we discuss the development project for this model.
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The Observation-use UAV "RMAX GO-1"
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The Observation-use UAV "RMAX GO-1"

S EioT

3.1.2 BEEE

BAN A HEEE O K ZRIBITRT

AT, 3> v A 1z T BRI O A > = F ot X 7 2, GPS(Global Positioning
System) 7z FHW 23S A HI I Z SHNL 722 27 LTREIRE N TV %, HETRITIC I U BHE & 1 3l
EASESNTEIHE NEOIERZZ I TNV I T Z— MDA > 2 —T 2 — AT BUEDONY T
TR —DZEA GHE N EEEESE 2R A LT BRI HBOAEICN) O T 2 —Z2F 5 528205,
ZOEHHIH RO S avER O TIThNS,

3.2 EAfRKE
ABEDEN, BRI D TITb NS, Z DI, 2HEHOEHAAATHENHEINTVS, Uk
DRI DCCD(Charge Coupled Device) IAZHETH D, &5V L DIFR M DARNERAI A (LA

TRAAZEWNWD)ETH S, miE EEICF IV 2 HBOMLE
CEFEIE) &2 (Rl @7E) BiEIC R, CCDA AR Y — TG —
AT 1 205D X~ LEREE (i 2 T %o ot A7 CCD  PRAREAARL S
. o X QWAL
HELOHARGEIISATHY AT T 2—5 | BEEF | THRCD ARG
A ORI KBGO T L 22 A6 > TW» IX> 5 360° IX> 5 360°
. EEEE | FIVE-90° ~0° | FILE;-90° ~0°
B AA v A—RZ =534 T B PR JE I O R R—Ls; F2 1248 X— I\ L
BIRARARD RN K BFENZ . D v A T KB f = 4.3kg 5.3kg

HlH, oY Tr—ia—2—%0mE k%Y 7
FY 7K BMGHIHTIZA TV S, Inbic k-
T BT 2L BZEh bomigz Ra2en
TE5.CCOHATEIRAATIE, BT ST
U TS %, 2iE 3 IR ] (553 LAN) TAeHenT g
Ths,

i O T E T R, A RNRT F
o, 2EEic i i O HUOICHE A T HE £ T o
EZDOHEYON EEEZ R T 2 EE A LT
W5, M4 EREBONE

33 b/

GO-1 AT LTI, FEDIREED Ty Z ¥y MY 9 5880 2 R eSS, 22T AYaY
Z—DIMTT T T LI R—IV AV T 2300y M AATTRMAZ I 2R HE ANV a7 Z—0OiE
M2ty o lEa M Ay b3 THTTEND HiEE 2 < — a7 )L T ) B Z 2B L ORET
H%. =T IVTHrIJT I A DERZ L (GRS R EITH U T, I bIFIC IS IS T E 2 h
5THB. bBEAAAY AT LIS Y Teo TR T TH T My FEAMICHTE R E WS
NI TS REDIEDNETRRL TS,

YAMAHA MOTOR TECHNICAL REVIEW




EZ3REFHUAV RMAX GO-1

The Observation-use UAV "RMAX GO-1"
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The Observation-use UAV "RMAX GO-1"
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Scaling and Evaluation of Whole-body Vibration by
the Category Judgment Method

FF FEF ChikakoKaneko FKIR ZEZ Takahide Hagiwara BUEH BEiififf Setsuo Maeda
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Abstract

Quantitative evaluation of "degree of comfort" is an important aspect to consider when
evaluating the nature of products or the establishment of design-objective values during vehicle
development. In this research, the category judgment method, which is one of the scaling
methods, was used to create an assessment scale for evaluation of whole-body vibration to solve
this problem.

To scrutinize the effect of the difference in the frequency component of the vibration on
evaluation, three kinds of random signals with different spectrum were used in our experiment.
Consequently, while the quantitative relation between a vibration stimulus and degree of comfort
became clear, it turned out that when a vibration contained more low frequency components,

the degree of comfort declines even though the acceleration level is the same.
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»wi Scaling and Evaluation of Whole-body Vibration by the Category Judgment Method
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Scaling and Evaluation of Whole-body Vibration by the Category Judgment Method
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Scaling and Evaluation of Whole-body Vibration by the Category Judgment Method
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%%96%%%%%6%%%%%%%%%%%%%6%%%%%%%%%%%%%6% % %% %% %%
%  Category Judgment Method %

% Programmed by T.Hagiwara 2003.7.30 %
%%96%%%%%6%%%%%%%%%%%%%6%%%%%%%%%%%%%6% % %% %% %%
function CJM()

% (1) JERIATTHI F DK

% —~1-2-3-4--5- % #1573V — No
F=] 33 1 0 0 O % Flat 0.2 m/s"2 RM.S.

6 25 7 1 O % Flat 0.4

o 7 27 3 2 % Flat 0.8

0 3 16 18 2 % Flat 1.2

0O 1 2 15 21 % Flat 1.8

38 1 0 O O % High 0.2

18 19 2 0 O % High 0.4

4 16 17 2 O % High 0.8

2 13 17 7 O % High 1.2

1 2 13 16 7 % High 1.8

38 1 0 0O O % Low 0.2

4 19 14 2 O % Low 0.4

0 5 17 16 1 % Low 0.8

0O O 0 10 29 % Low 1.2

0O 0 1 5 33 | % Low 1.8
[ng] = size(F); % BCHIDKE X OHIG n: FIEEL g 73V —%
Td = zeros(35,1); L = Td; Sm = O; Su = 0; Suu = 0; % SR OYIIE
cr = setstr(13); % {ERID 7z D DEBGELE

% (2) BHLEHR G Dz
G = cumsum(F./repmat(sum(F,2),1,g),2); % G(ij): BRitLH

% (3) fiiAzLER Z DT

fori=In % H7 3V —DLREDFEZRIRT & 12175
forj=1:g % %7 3 —IZDNT
Z(i,j) = ZSCORE(G(ij)); % Z(ij): 173V —0 LIREZE KD %
end %
end %

% (4) AFIV—hPFD, #73V— FRLEXTHT IV — Il C OH

forj=1g % 717 3V —HIEDFEZIT S
c=0; %
fori=l:n % HHRIPBNCEIRT %
ifj==1 % BC % A7 3V — LIS DWW THMERIEIE T %
if Z(ij) ~=-3.75 % TV — 1 IZEELD 55
d(ij) = Z(ij)-(-3.75); % IWAEHROTREMEZ—3.75& LT
Td(j) = Td(j)+d(ij); % H7dV—IE%LE LA
c=c+l; % RUAATZREE DV N
end %
elseif (Z(ij) ~= -3.75) & (Z(ij-1) ~= 3.75) % KBED 717 IV —RFUEDSE &/ 2 h LAV
d(i) = ZG,j)-Z(,-1); % d@ij): 73V —lE
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Td(j) = Td(j)+d(ij);

c=c+l;
end
end
ifc==0,c=1;end
D(j) = Td(j)/c;
end

forj=1:g
ifj ==
L(j) = D();
C( =LG)/2
else
L() = L(-1)+D ();
C() = (LG-1)+LG)/2
end
end

% (5) Mk )EREA NDZLH

A =C-C((g+1)/2);

Scaling and Evaluation of Whole-body Vibration by the Category Judgment Method

% A7 dVU—lEEELALs

% JEUAAEEEEHYY |

%

%

% KRN 0 DB AL OEZRT 273 110 3
% D(j): H7 3 ) —D Vg

%

% 717 3V —HC ERRE & R EDR 21T S
% H7 AV —11cDNT

%

%

% ZTOMD AT IV —DIE

% D(): BT IV —0D -ERM#

% C(j): AT IV —Drhifg

%

%

% A(): Yk RIS At D 1 7 1) — DR

% (6) BHUD AT ¢ 7 HT=% REMUDHEE

fori=Il:n
forj=1:g

if G(i,j) > 0.5, break, end

end %
R=j-1;

if R == 0, M(i)
else

M(i) = LR)+(L()-LR)/(G

end %
U = MG)-C((g+1)/2);
Sm = Sm+M(i); %
Su=Su+U(i); %
Suu = Suu+U(i)*2;
end %
Tm = Sm/n;
Tu =Su/n;
Tnn = sqrt(Suu/n-Tu”2);

disp
disp
disp

92
O

(d
(
(L’
(
disp(‘A’
disp(* ALE VALUES)
disp(*
disp(

(

disp([* Tm

%

%

¢, num2str(Sm),

(i))-G(.

% FSHRAD AT 4 7> D, RE EOHOFE
% A7 AV — 1 BIEFICEL.
% FHLERDNS 0 %A EOLETAZRDITS

% FaioA7TIV—Z2RETS
= L(j)/G(i,)*0.5;

% AT 4 7 UBRATIV—11ILHBGEE
% Z DMDGE
R)*(0.5-G(L,R):% X T« 7 VDR FOEZEMRE L TRH B

% AT 1T 2% iont RIS 254

% ERIFDFI R (A
% SRR R
% RO 72

% 7173V — Dl

% 7173V —DIFD -1

% 7173V —DFEiED G

% 7173V —DHRAE

% HEIT REENDZE % D 717 TV — DO JAE

FIE FRORE R ) %
[[1:n] M(1:n)’ U(1:n)’])

%
s, num2str(Su)]) %
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disp([* M ¢ num2str(Tm), © <, num2str(Tu)]) %
disp([* SD ¢, num2str(Tnn)]) %

% (7) L ZITHET 2080 U L ORHRZ X I MR RBOR IS X TIEX

s=3;v=>5; % AT T IVOE/ NI L)L DEREEL
Va=[0.204081.21.8]; % MR L~V
XV =10.75*Va(1) Va(5)/0.75]; % TERIRED X il
m=[‘g"’; ‘bs’; ‘ro’]; % Uty
I=['g- b~ r--7]; % [AIFHROE & B
Lc = L-C((g+1)/2); % H17 3V —EERE
fori=1:s %
p=polyfit(log10(Va(1:v)),U((i-1)*v+1:i*v), 1); % —RIEFAROFH  a=p(1), b=p(2)
semilogx(Va(1:v),U((i-1)*v+1:i*v),m(i,)), hold on % U miDEX
semilogx(Va(1:v),polyval(p,log10(Va(1:v))).1(i,:)) % [allfsRDIEX]
Ve = 10 [(Le(1:g-1)-p(2))/p(1)]; % A7 3V — Bz YR A

disp([cr ©* AXZ ;U No.’ num2str(i) cr © —XX[AFHREL (a, b) * num2str(p)])
disp(| © A7 dV—ERPEE < num2str(Ve)]) %

end %

%
semilogx(XV,A(1:g)*[1 1],’k) % 17 V) —HULER
semilogx(XV,Lc(1:g-1)*[1 1],k) % 173V —EE5ER
axis([XV Lc(1)-D(1) Le(g)]) % XIRHEIFH DR E

ylabel(‘Psychological Score U’) %
xlabel(‘Frequency-weighted RM.S acceleration V (m/s"2)’) %
title(‘Category Judgment Method’) %

96%%%%%%%%%%% %%% %% % %% %%%%%% %% % %% %%%%% % %% %% % %% %%%%%% %% % %% %%
% HFLLRGCHOSRALRZ AOEWY 77155 L (Hastings et al I & 28K %
9%9%%%%%%%%% %% %% %% % %% %% %% %% %% %% %% % %% %% %%%%% %% %% %% %% %% %%% %% %
function Z = ZSCORE(G)

a=[2.5160.803]; %
b=[1.4330.189]; %
eps = 0.0001; % SRR TR

if (abs(G) > eps) & (abs(G-1) > eps) %

if G>0.5,P=1-G;else P=G; end %

X = sqrt(log(1/P*2)); %

Z = X-(a(1)+X*a(2))/(1+X*(b(1)+X*b(2))); %
else Z = 3.75; end % BEREHRO RIS 2R HRE
ifG<0.5,Z=-Z;end %

% program end
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Development of Fracture Splitting Method for Case Hardened
Connecting Rods

ARE B TsuyoshiKubota B E  shinyalwasaki BEER 1B  Tsuneo Isobe

1Nt {2B5  Toshikatsu Koike

O MREIFH L 2— ATEMHARE / MCEERI EERMBARE

Abstract

The fracture splitting (hereafter FS) method is being increasingly used for manufacturing
connecting rods that are made of the powder forging material, high-carbon steel, etc., which are
comparatively easy to fracture, in order to improve the accuracy and productivity. On the other
hand, case hardened steel (for instance, JIS SCM420), which has a high fatigue strength, is used
for the connecting rod in high performance motorcycles in order to reduce the motorcycle's
weight.

In this report, the application of the FS method was examined for manufacturing the
connecting rod which used the JIS SCM420 carburized steel. The hardness of this material varies
according to the depth from the surface, becoming less hard and less brittle toward the center.
Therefore, a brittle fracture surface over the entire fractured surface area was not obtained by
the conventional fracturing method, and it was impossible to reassemble the fractured parts.
Moreover, there was a problem that the fracture starting point was irregular and it caused the
breakaway of tiny fractions from the fracture surface. The condition to obtain the brittle fracture
surface was then elucidated using a weight falling-type splitting machine with the temperature
and the virtual strain rate as parameters. Moreover, as for the fracture starting point, measures
were taken by analyzing it using the nonlinear simulation of the explicit method. The production
of the connecting rod for the Yamaha supersport model YZF-R1 using this method was started in
2003.
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