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Adjusting to changes in the business environment
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The world is currently in the midst of an economic downturn. So what has caused these hard
times? The financial crisis originated with sub-prime loans that turned sour during the previous year.
Consumer demand that was flourishing up to that stage faltered, and caused economic activity to
decline sharply. Would it be an overstatement to say that the real cause of this crisis was the over-
confidence in technology, which made the issue far more severe?

The technology in discussion here refers to technologies used in financial engineering for financial
product designs. The mechanism of these products is difficult to comprehend. A simplified idea is
to disperse the risk while obtaining a high rating (level of trust and safety) by combining a high-risk
sub-prime loan and other low-yield loans, which allowed groundbreaking financial products that
seemed to offer low risk and high returns. This worked out to be a success in all aspects. Investors
received high dividends, and abundant funds entered the sub prime market, which promoted market
expansion through credit purchases. However, the requirement for this mechanism to work was
that housing prices needed be on the rise, and the rate of bad loans had to be within a fixed range
of probability. But in the end:-- Fundamentally, there is a direct correlation between risk and return.
The collapse was the result of ignoring the importance of this principle or rule in order to seek
profits.

On a different note, many disasters never seen in the past are occurring due to unpredictable
weather. Flood disasters have been especially significant, as we already had localized torrential rain
in Western Japan, typhoon no. 9 that hit parts of the country, and an earthquake struck Suruga Bay
this summer. This string of disasters has claimed many lives. Many causes were suspected - climate
change due to global warming, reduction in water retention capacity due to deforestation and
farmlands, and changes in terrain due to urban/residential development. However, it is unfortunate
that water flow could not be controlled and highways that utilize the best of civil engineering
technology could not withstand these disasters. Could these types of events not have been predicted
and prevented?

The above examples may seem like something irrelevant to our business. However, technology is
defined as a “method to improve human lives using the results of research.” We ourselves also take
pride in the fact that we contribute to enrich peoples’ lives by painstakingly using our technologies
to provide products and services to our customers. However, the gas emissions associated with our
products are significantly affecting the environment as well as peoples’ safety and health. We must

meet the high expectations of society in terms of environmental and safety technologies, as well as
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handling enormous responsibilities. Our technology and business development is established with
a prerequisite that natural and societal environments are subject to certain conditions. In a modern
world where changes occur at a fast pace, we must be able to detect these changes and predict
their consequences. Furthermore, we must be flexible enough to quickly adapt to any changes. Let’s
develop our business while cherishing our customers, aspiring to foresee the future, being aware of

relevant principles and rules, and refining our technologies in various fields.
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- Development of a front fork for the YZF-R1
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Abstract

Yamaha Motor Hydraulic Systems Co., Ltd., develops and supplies Yamaha Motor Co., Ltd. with
parts and components such as front forks, rear cushioning units and steering dampers that are
important for the fine tuning of a motorcycle’s handling.
As components to provide a high level of handling performance for Yamaha's supersport YZF-R1
that underwent a full model change in 2009, we developed a new upside-down front fork with
separate cartridges for the compression and rebound strokes (Fig. 1), a rear cushioning unit
equipped with a 2-way adjustment mechanism and a newly developed electronic-control steering
damper.

In this report we provide a summary of the development of the new upside-down front fork

with separate compression and rebound stroke cartridges.
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Development of a front fork for the YZF-R1
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Development of a front fork for the YZF-R1
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Development of a front fork for the YZF-R1
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Development of a front fork for the YZF-R1
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Development of a front fork for the YZF-R1
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The record of Yamaha’s Performance Damper as a product and
its newly recognized effects
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Abstract

The Performance Damper (hereafter PD) is a completely new technology developed by
Yamaha Motor to improve chassis performance.

After a patent application was filed in 2000, the PD was mounted on a limited-edition
automobile as standard equipment in 2001 as a world’s first chassis technology. The PD is a
device that not only raised the stability and agility of the automobile’s ride to a new level but
also increased its comfort and quality feeling.

It was difficult to explain the effects of the methodology of adding “intentional increase in
chassis viscosity” to the conventional “optimizing of chassis rigidity” as the means to achieve a
major improvement in chassis performance. The reason is that it was a discussion involving only
an order of a few microns of dynamic distortion occurring in the chassis in motion.

However, since customers began experiencing the effect and came to understand it, the use
of the PD has spread to an increasing number of vehicles. Also, the ease of application of the PD
device has made it a viable after-sale component that has won the acclaim of many more users.

Furthermore, the effectiveness and value of this world’s first technology for increasing
chassis viscosity has been recognized by awards including Japan's Prize for Promoting Machine
Industry, an award from the Society of Automotive Engineers of Japan and the Ichimura Prizes
in Industry.

This report introduces the facts of the spread of the PD as a product, its effects and its
performance in absorbing vibration. We hope this report will promote customer understanding

and help spread driving pleasure through its expanded use.
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The record of Yamaha’s Performance Damper as a product and its newly recognized effects
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The record of Yamaha’s Performance Damper as a product and its newly recognized effects
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The record of Yamaha’s Performance Damper as a product and its newly recognized effects
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ﬁ The record of Yamaha’s Performance Damper as a product and its newly recognized effects
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h The record of Yamaha’s Performance Damper as a product and its newly recognized effects
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The record of Yamaha’s Performance Damper as a product and its newly recognized effects
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Development of a fuel cell system for motorcycles
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Abstract
It is reported that total global emissions of CO2 was 27.1 billion tons in 2005. Meanwhile,

total worldwide motorcycle ownership is estimated at approximately 200 million units, and if
the average CO2 emissions per motorcycle are 100g/km and the average annual distance run
per motorcycle is 7,500 km, that would result in total annual CO2 emissions of 150 million tons.
This represents 0.55% of the world total for CO2 emissions. We can expect to see an acceleration
in efforts in a variety of directions to prevent global warming and the shift away from fossil fuels
as a solution for energy problems of the future. In light of these conditions, Yamaha Motor Co.,
Ltd. has been developing fuel cell systems that can potentially be applied to a variety of uses. In

this report we introduce one example of such application of a fuel cell system for motorcycles.
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YAMAHA Micro Bubble Generator

Abstract

Attention came to focus on the effects of microbubbles in the last several years and they have
been put to use in a number of fields. The term microbubbles refers to very fine bubbles with
a diameter of just a few tens of micrometers. Unlike ordinary bubbles, they rise at a slow rate
(dissolve easily in a liquid) and are said to have a number of distinct physical/chemical qualities
such as the negative electrostatic charge of the bubbles (resistance to bubble fusion, tendency
to adhere to floating objects in the liquid) and their self-pressurizing effect (bubble contraction/
deflation, release of free-radicals), etc. It can also be considered an environmentally sound
technology because it produces the above-mentioned effects with only water and air, while
emitting no chemical substances or pollutants.

However, problems concerning the production of large quantities of microbubbles included
the fact that a high-pressure power source is necessary, the fact that the parts of a device for
producing microbubbles must have a high degree of strength and the cost of the special high-
pressure pumps needed to pump water through the bubble-producing device. This report is
about Yamaha Motor’s development of a low-pressure device with good cost merits capable of
producing large quantities of microbubbles with the aim of microbubble commercialization and

the advancement of technology in this field.
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EEIRNEE YAMAHA Marine Motor
M-15 (XGW)/ M-25 (XGX)

W | o The electric outboard motor YAMAHA Marine Motor
% nn %H M-15/25 (XGW/XGX)
ImHAXE AFRHEEH BIR— HEBRE sSKHE BRERL
MEE—HB =B%F
Abstract
Since the launch of Yamaha’'s first 12V electric outboard motor “M-15" in 1988, it's
performance has been recognized as an effective power source in use primarily by fishermen
involved in reef catches (sea urchin, abalone) and wakame seaweed harvesting. (Fig. 2 shows
sales by area.)
Here we report on the development of a new controller for the M-15, for the first time in 20
years, and the first time in 13 years for the higher-output 24V model “M-25" that followed. The
controller is one of the most important components of an electric outboard (Fig. 1) and will

provide these models with new levels of performance.
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The electric outboard motor YAMAHA Marine Motor M-15/25 (XGW/XGX)
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W | ——— The stepping motor single-axis robot “TRANSERVO”
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Abstract

Among the trends in manufacturing equipment in recent years are demand for toward
low-cost automation and energy saving through conversion from equipment that runs on
compressed air to electric powered equipment. This has led to increased demand for compact,
low-cost actuators with excellent reliability and durability.

The “TRANSERVO” (Fig. 1) is a new type of actuator developed to meet these needs featuring a
newly developed vector control type stepping motor. This model is expected to find wide-ranging
applicability in all types of manufacturing facilities engaged in the production of electrical and
electronic parts and components and components for compact precision devices that require
the high-precision assembly. In addition to applications in assembly, inspection, placement and
transport in the different manufacturing processes and uses, they will also find application in the
handling and inspection processes in the pharmaceutical and food product fields. In this report

we discuss the development and features of this new model.
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The stepping motor single-axis robot “TRANSERVO”
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The stepping motor single-axis robot “TRANSERVO”
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The stepping motor single-axis robot “TRANSERVO”
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The stepping motor single-axis robot “TRANSERVO”
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The stepping motor single-axis robot “TRANSERVO”
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Abstract

In October of 2006, Yamaha Motor Co., Ltd. launched its “Puresta Oil,” a product taking
astaxanthin derived from the pigment of the microalgae Haematococcus as its main
ingredient*, which has been well received on the market. Astaxanthin is a reddish pigment
found in large quantities in shrimp, crab, salmon and salmon roe and is a carotenoid like
the f-carotene found in carrots and the lycopene in tomatoes. In recent years it has been
recognized as a strong antioxidant'!- *2 and its performance as a functional additive™ "4 in
the health food, cosmetics and sports markets, where its potential as an ingredient for food
supplement, drinks and cosmetics has been the focus of considerable attention.

As astaxanthin products, Yamaha Motor has marketed its own brand of supplement named
“ASTIVO” and a food ingredient named “Puresta Oil” for health-food, drink and food makers.
In recent years there has been a growing desire among consumers to enjoy foods that have
functional ingredients, and as seen in the recent “tokuho” (foods for specified health use)
products, there are now an increasing number of products that are clearly foods for daily
consumption but also contain functional ingredients. However, the fact that our “Puresta Oil”
containing a diluted solution made of astaxanthin derived from Haematococcus is an oil paste
(not soluble in water) and the fact that astaxanthin is easily broken down by oxygen, light and
heat, as a product astaxanthin has primarily been sold as soft capsule type supplement.

Here we introduce the new “Puresta series” products we have developed to supplement our

“Puresta Oil” in order to make astaxanthin available for a larger range of products.

* Yamaha Motor’s astaxanthin business originated from environmental research into a
way to reduce CO2 in the atmosphere through a bioengineering approach by developing a
technology enabling large-scale cultivation of photosynthetic algae. Through this research,
Yamaha Motor succeeded in developing a technology for producing large quantities of the
microalgae Haematococcus in a healthy environment in an indoor culture facility (the facility
in Fukuroi City, Shizuoka Pref. received JIHFS GMP certification in July 2007) and is now the
only comprehensive domestic manufacturer of astaxanthin, producing high-quality products

containing a high content of astaxanthin such as no other maker can imitate.

YAMAHA MOTOR TECHNICAL REVIEW




TA2F S F3BIAHS (PURESTA )—X ) DRRELBEEERN\DOFIAH

Development of the astaxanthin additive Puresta series products and customer use examples

(ZC&IC B

YINFEHFEIZ 200610 XD, T ARZF YU FUVERIGE 1) ELTAR I b At 2284
'PURESTA OIL(¥ a7 AZFA)V) JOMsez G L AR Z L T 5, 7 AR F Y F o eid T
= fib AT LI FZTENSHRODBETICALAD -7 R DY EH U AT
T /A RD—FETH %, ZDROGIELIEHID DDHS TR0 Z OBERENES). QD EH S h i
FERAN, ER AR—Y TGS T U TV RAY M R ALNESR S O ORI UL W7 B TR W HEZR
PEBRER T TH B,

WA T A TR ORERDSHIB LT A2F Y U F U 2T AT 5T SV FOYTIUAV
FASTIVO(7 A7+ R) J2lised de el BMFERIE LTI 7 A2 4 )V ) Z (@ HE i, f0RH 25
A—H—7ZEIRFEL TV, (E1)

AT, BB LA DEEER ) 2 B2V E VST T OO @ E0 D, < DR E R
fEH A GEFR: h 7R ICE RSN KT, B DA THE DR TN AN ANERER 75 2 Bl & LTz bh
MHZ TS, LD LIRS NIy AN SHIN LI AR XTI F A ANV ZRmM LI EaT
AZF AN EETE OKISIEF RV OX—AMRTHEHI L T AZT Y F R OE AR LIS
DRLRT W ZEDTEN D MMEREL LTV 7 M 7)) VRO RSB RSD L 2>
7o

SENE T AT F 22 BTN EMICHIH L TOIEL T, [Ea 7 AR A A1)V I 12755
WA G UM a7 22— X | BN 5,

(1)

WHDOT A 2FY U F R RENETH S bR B E Y T2 Ta—F LIS
IR EEE O KBS EANICIZHE T 5. YL TR IMAD T 7 /0y —T A by I Az i E N EREE
NTENKREEEAE GRS H T O PE 513200747 HICJIHFS GMPHUSHIZ RIS L. ikt
BRZFF SRR T AT U F UG AR DREMEOR 2 [HNTHE——BAPEL T3, (2009
FEYHBIE)

— T AL A
E 27722 W-05  eeeereeeanes > KR E
YA-0145
s . ACRIEMAILRE > RE—H
) > 27 24 P-20Y
J E2177 X4 P-20
Py
o S a7Lh,
AR Y DR Carzston Lo ~ carzgsxn 7 NTEnTelEE

1 HE-INT - HE-RFEE TORN

YAMAHA MOTOR TECHNICAL REVIEW




TA2F S F3BIAHS (PURESTA )—X ) DRRELBEEERN\DOFIAH

Development of the astaxanthin additive Puresta series products and customer use examples

L

T

[ ]
111}

RAEDNRSL B ]
TAREFY T2 h— RO B R BICEEH L TWIEF 5 K51 LR D 3 Ok E%Z
5932 HEISHT AR O 21775 Tz,
1. 7 AZFY 2 F VFRE U T a/KHED JRIREF T (<8 D720 JEIE)
2. BB I I Lt OKVATE 4T3, 2—J 87 1)
3. MERMZ ST BB ZENE A BRI EFIC KB T AR FH 2 F 2 D51 fift %2 i)
RO XS TR N 2 59 5728, € a7 A2 A A )NTKIEEL (T b B AL BRI, Bkt
LV RN L7 i TEIC KD, izl 3 MDA ZFFE LTz, H MO B2 RNTIRT .

®1 BHAORERE—E

e, KA LB AR LEE R LEE
1BIRIER E17 A2 W-05 YA-0145 Ea17 X% P-20Y 17 X% B-30
" TARXYUFUESE N s s
wams | 50 s 0.5% E 2.0% E 3.0% U £
HNE - R B R DR BAE UL W~BEREBEOMR B TR~ BE T B D FEML
BEBE  foreeommeoemeemeeeee oo
EBk DENHELERVEETS | bTFHIHEERVEETS | bTHICHEERVEETS
IRERE (k) 5% LT 5% T
WP e *ﬂ# ................ o
R P 500 ~ 1500  m 90% L{_E
—REE 300cfu/g AT 3000cfu/g AT 3000cfu/g XF
D KAFEEE ret [543 et
At - BEF 00fuig XF | e T e
q£E Pb&LTD) 10 ppm LT 20 ppm YT 20 ppm AT
ﬁ%%g .............................................................................................................................................................................
& (As203 &L T) 1.0 ppm U F 2.0 ppm AT 2.0 ppm T

52 DIEN

3.1 KBEEAE €217 X2W-05 YA-0145

AEGHEIRZ2IECHE T ZKROBMICA A TEDEITM LU TH S FiRE L TORMK
DRE, @R EICE A LIZBISEIIC ) IUSMBIZ DR, L W05 )i B E kI m FHlE
TV, R D FEFC A D SR Z2 i BB RO MICERH SN TR JER I 2L T3,
@ BEL0F 750 R — 3 9 B 8 0D R CA 5 F b

REFDT7 A2 592 F 85I R TH B EITHIR T B EEDEFD DK S R MFF D WA B > e, i
ICEGEIC BT B i COMBR LB BLER O BHIRIAC KD COMKFDOJRRAD HALE R 7%

YAMAHA MOTOR TECHNICAL REVIEW




TA2F S F3BIAHS (PURESTA )—X ) DRRELBEEERN\DOFIAH

Development of the astaxanthin additive Puresta series products and customer use examples

S EioT

TS, JAKDEHENSBRPIEANDE AIIHOE S N TE 2o LTI E o i Y 7 m ik ek
BRI 2 BR U RO RO DItL R 2 K 2 [R5 T 5 T L W TREL 720 | fifE BRIz 7 S R SRk
BTN T AR F Y F VR OB EEFBILT .

ZORER, T ARFT 2 F VDR MmO RIC B WIS ET 5 L IIZE AR, BRI
WIBD DT L—3—DRa ikt B TREL 52D, 7 AR FH U F U R il T E DRSO IAD > T2, A
T COEANBFEC K DI TR i LB ORI B D LRI7IC K A RRIRHIN R )Rk D22 B 2 5 2 L
MHERB XS E T,

@IKITBEINT 77 1 — N T LA 7y Bl

TARFY YV F IMEED TS Z DXL TEMREDO/KRONM TEMCEFHTEEWL, 2D/
BILE KENZKEMD TR CDES XIS T B 720DI T2 i h, 2 OGN TE (K
p HED TH O S N CTRAAIIIER I LIEITTR D, T DT DIRRIELEICI T 5 @il TO A
LR 2 D% DR OIS, AULDEN THO DD R BENE D T AR FY 2 F VDo fiRL
TERID AL R TV E WS T HNEED H - 12,

ZTThNbNIE OFL LI T & e L LRIBAFE L, 7 AR 55 > F 2 AV KIS EIHIC 5 H)
U B PESEE, i gl BIRA IS U PRICIER IS BN TR LR Z B I 2 LISk Lz
(B2), cnuc ka0 8hEt%, RHIRSREL T Oz 5O B iz iR T 27 A2+
Y F VBRI OMHERD TREL o Tz,

2 EFREDLEE

i REEK (rfER)
B Ea7 X% W-05YA-0145 DK EE

3.2 KBERMRIERA E27RAZP-20Y

ABLET AR Y F 2B BRICHHTEEKIICT B7DICHFE LI TH 5, AR
DR E LRI FE D SIRAHIN E TH AR (A OIREETHHR WA TE S L N THKICBE S
B LTHINTESILETH S, FIFICH e TRV I EZ2 AT B EH e 2 —TEY
TAD2KICTEH U,
OB 2

B (7 AR FY 2 F g i) 228 UTRD T e 2 HIa U TR LN R ici i Lz,
ARSI DD VKR TH S T e D SIS N B A HIR ISR E L REAR E 0

YAMAHA MOTOR TECHNICAL REVIEW




TA2F S F3BIAHS (PURESTA )—X ) DRRELBEEERN\DOFIAH

Development of the astaxanthin additive Puresta series products and customer use examples

S EioT

Vo BEIEDET LTl DR L I EDMEES N TLE S 120, B 2RO ME MK FLTLES, 2D
DIFTRTEN Y e TOEIIHNCE R TH 2 HIBILA (2 I HEE) ZRltd 5T L L L, fikE- fid
Hrim Az <Mt U T b OMITNC o 2 L 5 2 R0E Uz, EHICBIZ DR D721 Tiad |
D AR DAL TR DFEE IS DV THIALTEZ L, L2 KI5 2N TE T,
@a—¥rVUr~g

RRO Y 2 I8 EHim LA, RO AR IC X > T sk D2 R O/KiaTERwEI MR R
55055120, P LHIZEEE T 2BUIKIAMER T— ) T &M TUTHHI L. i 2 & D 72538
T LTz P D i R i3 Ok 1D IR 73 S E OFREIC K0 FITHIFFICH OO0 DB
FTHRIGKICEELACATIHEN LR TWHRICT BTN TE(E3),

THLIME D SABIIBEEEMERI R Y 21— 2 - A—T R E DR ZIRDE LT P HE B —,

XNV OO TR H LR SO REHSD B REMIEIEDO I B E TIRILSFIHTE %,

3 KBEMEDLEE

EIE1T7RZP-20Y £ LENER

3.3 FER{LRAl E£277X%B-30

ARBEETEAN— TRV EVSTHNE DY TV AL EANBZITI AT E B K ICHIFE LI,
TH 2. Y TIAY P TR RO EM 2R G 2L T TED I 72 X 250 % E 4 DO FkhE
DN Rz TR T BHINLIAENS K, TDOBRRE LTIV T AT RIVRN—FAT )b, 2T
Ly BB SE R ERAR B DD T H NS BRLRICIN L 58I KD a7 AXF A )V TR AATfE
THOTMRIRDEMET AR FY 2 F U2 EHEWE ULIN—FAT LR 2T Ly b HikEEL Vo T
rdnaE YA REE R o T2,

SRR RPN L BN 2 R L TV B 720 il ORIk & IR L TLL R D2 D DN T2
FzfA L THh. BERISIFHICHmOIHEZTE TV 2,

O T SesE
ARESHNIEN TR AR BICED DL T2 LTS, CDTDRT Ly eI
TS BEE SO EEED D > TE AR D %A H L DB BT BV AT DV T,
@i EZEN

AEEIRABDNEON T RENRTWT AR Y 2 F- KT BB 5 DE BN D%
W, COTDMBE R BRI ST AR5 2 F 2 D fif7e eI 2VE e O GG FRIFICIEE N TERY]

YAMAHA MOTOR TECHNICAL REVIEW




TA2F S F 3B ARG (PURESTA )—X ) DRRELBEEERN\DOFIAH

Development of the astaxanthin additive Puresta series products and customer use examples

S EoT

7 ARTY U F MR EN %,
Bhylc

COXINT U TRE LT AZF AINTHRA 7 RIN L2 i d T2l KD KB LS OFi T ki k2
ME LB OB 21T > TE e, TNUCEKD Yt 7 A2 F Y F U ERHE — R B R, 2T Ly
MR EMRILROEMICERHEN., @B A7 A2 F Y F U 2 HRRICB R L T0a, 5% EEICENT
BB N 2 BRI TV r—ay Oz AT K02 DARIEETORFEREGICEL DD T
WETZW,

B 17 A2EGBRATNERFIDOTEN

TE27HR74 FEXJ (PRAZFHFINT—] I7Z22ina5—5>)
E:2JLvk BRIy BARINWIAZa=7 1 () &% TrPATY(HR) B
(¥F) BEER

RS
SmE

LEL]
EEnED

esecenenene

e0000000000®

eoene0RneneD

000000000000

(T LY Y T Y
s=Ryace

AR (B L) DFAZ1 BBXF) I7ZA2FHY2F Gl
(#R) H<P % T7ATY (#k) B

RFav 7€) — 727 4R]
(HxtmEam)

WEE 3

1) Paola P, Norman IK (1992) 'Astaxanthin and Canthaxanthin Are Potent Antioxidants
in a Membrane Model." Archives of Biochemistry and Biophysics, 297, 291-295

2) Yousry M, Naguib A (2000) 'Antioxidant activities of Astaxanthin and Related Carotenoids.'
J Agric Food Chem 48, 1150-1154

YAMAHA MOTOR TECHNICAL REVIEW




TA2F S F 3B ARG (PURESTA )—X ) DRRELBEEERN\DOFIAH

Development of the astaxanthin additive Puresta series products and customer use examples

S EoT

3) Hussein, G, Sankawa, U, Goto, H, Matsumoto K, and Watanabe H (2006) 'Astaxanthin,
a carotenoid with potential in human health and nutrition.' J. Natt. Prod., 69, 443-449
4) Higuera-Ciapara [, Felix-Valenzuela L, Goycoolea FM (2006) 'Astaxanthin: a review of its
chemistry and applications.' Crit Rev Food Sci Nutr 46, 185-196

WEE

% A
e,/ o R

fiicl N3 FAREBEF HFEEE Zih Bz

Rie Suzuki Asako Saiki Atsushi Mitarai Hiroyuki Sugiyama
AR R HEE RIS IR EEHEERIEET FARESRHEERTIEED R E SRR
AR SRR AR B SEHEEES FARE AR RSB SEHEES
SATHALIVAER SATHA IV XER SATH ATV XEB SATHAITVXER

YAMAHA MOTOR TECHNICAL REVIEW




2009FBIR—/\—RK—Y YZF-R1

The 2009 Supersport Model YZF-R1
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Abstract

The YZF-R1 is a 1000cc supersport model providing a high-level balance of powerful
performance and light, agile handling. Ever since the release of the original YZF-R1 in 1998, it
has been loved by supersport motorcycle fans around the world for the massive power of its
1000cc engine and handling that offers the rider true excitement in riding, primarily on the type
of winding roads known as “secondary roads” in Europe.

The ongoing developmental pursuit of the unchanging motorcycling joy of “cornering
excitement” has brought evolution over the years, particularly with the dramatic advances in the
performance of electronic control devices that help the rider control massive engine power at
will.

In 2009, the YZF-R1 was reborn thanks to the direct adoption of the “crossplane crankshaft”
technology from Yamaha's MotoGP race machines. The unprecedented controllability that this
new engine type achieves has opened up new horizons in supersport riding excitement. In this

paper we report the development project for this model.
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The 2009 Supersport Model YZF-R1
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The Snowmobile Model FXNytro M-TX SE
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1 FXNytro M-TX SE

Abstract

In 2008, Yamaha Motor Co., Ltd. released the 4-stroke “rough-trail” model FXNytro R-TX and
the FXNytro M-TX “mountain” model with excellent response from the market.

Of these, the mountain model designed to provide optimum performance in hilly or
mountainous areas with a constant snow cover has continued to sell with growing demand
in recent years, due in part to a specialization of its specification for hill-climb use. To further
answer the needs of this market trend, we developed the new model FXNytro M-TX SE that we

introduce in this report.
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The Snowmobile Model FXNytro M-TX SE
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The Snowmobile Model FXNytro M-TX SE
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The Snowmobile Model FXNytro M-TX SE
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The Snowmobile Model FXNytro M-TX SE
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Multipurpose boat FR-23 ActiveSedan
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1 FR-23 ActiveSedan

Abstract

In the domestic Japanese boat market in recent years, there has been a dramatic increase in
demand for greater comfort in boating. As a result, a central pillar of the product concepts in
both the fishing boat and multipurpose boat categories is now on-board comfort.

A good example of this trend is the Yamaha sport fishing boat [FR-32] (fig. 2) developed and
marketed the year before last. Despite having a very large bridge (enclosed cockpit/cabin space),
which has traditionally been considered detrimental in terms of performance as a sport fishing
boat, this models was received exceptionally well on the market and won many customers
thanks to its combination of high quality on-board living space, high-level running performance
and its functionality in fishing.

The newly developed model FR-23 ActiveSedan (fig. 1) has an overall length of 23 ft. (approx.
7 m), which puts it in the smallest class of multipurpose boats. However, true to the comfort
trend, it has been developed with special focus on providing a one-class-larger living space that

is fully outfitted for greater on-board comfort.
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Multipurpose boat FR-23 ActiveSedan
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Abstract

Yamaha Motor’s YZ series motocross competition models have achieved many victories and
set numerous records in competition since the release of the first YZ250 (2-stroke) in 1973. In
1998 Yamaha Motor Co., Ltd. unveiled its first full-fledged 4-stroke motocrosser, the YZ400F.

This pioneering model would open the way for the current 4-stroke motocrosser era. And this
year, Yamaha Motor has unveiled a highly innovative new model for 2010 that is sure to lead a
new generation of 4-stroke motocrossers.

The 2010 model YZ450F features a completely new chassis layout in a package that will offer
the rider a new level of handling agility never before obtainable on a conventional 4-stroke
motocrosser and outstanding engine performance. Here we report of the development of this

new model.

IFC&IC B
YZI)—=REERB AV RETIVEL T 19T3EDYZ250 (28 A 7)V) DFFELIK, ER 7T X
L—RIZHBEOTER Dl iz LT E T2, 19984EIII W DARKE AT A7)V E N7y Y —YZ400F 7%
RBEBHEOAY A7)y —R 2 Y0 V=BT )V 2 NGED I Uz, Z U TSR, 4 Y42
IWVER Oy T —DF i LR Z YOI ERDOET IV 220 104EE T ILE L THET 5,
2010%EYZA50F I S E T O AL A 7Y M RH L ERDAY A7)V E Ry ¥ —TidiE
RIS I Tem OERIEREL BN YV U REE T A B IR E R B ETIVE RS TV 5,

YAMAHA MOTOR TECHNICAL REVIEW




2010 £ YZ450F
The 2010 model YZ450F

EROBSL
AVARETIVCHAYZIZESENZ L IDREET—XTHL Ko, EENS 1 BD RN 5 E ]

LT H B, FHT, TA X =Dl FRGRZ RO 2 A b a—F =T OV E N EEL LS, FTe,

AEDAVRETF VOV REUT [RIH DD > TR E SR HELRA V FERB R L FDOF—T—

Fart 7 Mz itEdi,

[Faster and Easyer Cornering with Museum Look

HWERET I TRIKETE R ST RIMRD HE | LTG5 E 1292 B 2 DB AR A > e LT

IHIIT T %o

L1777 —————————————————————————————

2010FYZ4A50F Cld <M LW RIAL A 7T MetR I LTc, CO ==L AT F T D RE AT
e FIRERAY N TH S, BANTTHEWR L B ITICHIR T2, Z D5 oYV I VRIRT. 5
JEHBIL T2, ZOLA 7Y MK IR KOEEY DL YV 72 Bl HOERISGE D 5 At > 2
YILAT IR ATV RTTRARL— MRS FBI LT, ChUC KD PRI RU T O Fifk MR
RO ARICEBEM N T YU EERL TV, NS TIE F I VAL AT I oY
YLATI D TEBOEO, THIEDRCFY =) 12 LR LB TH 5. R 1 I EHTE
NI

1 EEETE
EFIV 2009 4 YZ450F 2010 £E YZ450F
2 2,196mm 2,193mm
218 825mm 825mm
25 1,305mm 1,311Tmm
-5 1,000mm 999mm
KA — U X—2RX 1,496mm 1,492mm
HEH ES 374mm 383mm
ERER 108.3kg 111.3kg
7 L— LR ATV L—FRIL 7 L—LA INMZT7IIVE—LTL—LA
Fv X2 26° 80 26° 52
NL—Ib 114.2mm 118.6mm
Fr 24 Y414 X 80/100-21 51M 80/100-21 51M
Rr 414X 120/80-19 63M 120/80-19 63M
Fr7L—=+ SBMES VT IVT 4« X7 (250mm) SRMES T IVT 4« X7 (250mm)
Rr 7L—F SHES VT IVT 4 R (245mm) SHES VT IVT 4 R (245mm)
RA—ILZN)V (Fr) 300mm 310mm
RA—ILZN)V (Rr) 314mm 315mm
B2 > BE 7.0L 6.0L
MOSEZE 4R O~ HPEGE 4R MO—7
DOHC 5 /\JL 7 DOHC 4 /\JL 7
R=E 449 7¢cm3 449.7cm3
1R X 1742 95.0 X 63.4mm 97.0 X 60.8mm
[E#ELE 123 : 1 125 :1
HBEAR RS 7 RS54 7
IVIVFAIVE 1.2L 1.2L
e A0 FrJL2— BFFE7Ta—TIV- ATy a v
72w FHER LR ERER
1 BGREE 2.652 (61/23) 2.652 (61/23)
2 URRLE 3.769 (49/13) 3.692 (48/13)

YAMAHA MOTOR TECHNICAL REVIEW




2010 £ YZ450F
The 2010 model YZ450F

4.1 BFRET

45075 A 7y —TNo. 155X NI )V Tcaryra— )L WLy Ve HEEE L, K
W AAa—27 -G -DOHC 4NV 7« F 1 Okt o V25K Lz B 2 iIcn oy U5 7%z
NG,

X2 TVIUNER

4.2 1H8E

TNy —OL YV UHREICIE ARENSA —NN—L T HEE TATY MUVTHLUTL AR A
HLRIEU., Z ORI 258 I hE Uk % T M TEBIRIAN ST =N RHRDENS, Z D 2,
20104EYZ450FD LYV Tl MVIRDEEN NV T 1 —T 7R Uz, 1. KUV RS T R AR L—
MEKDRAFIC KO iIREHNIET T AR LNIVEER L TS,
43 WmERFR

HERDET IV TIEI—F FINEL T T 7V —F & R 2 il B8, TL A2 MEIK
ET Ty MREDNEE B LT, Iidi 2 N7 7V —F 27 2iliEd 2221k, T Ly a/x%E
2 AT BRDHIKD, e ETTHOER, Y. KEDR AL HIFT T mWLEIC T Y 7V —F—X Y
Ml g 2 2 LIS KDV TS, (B3)

X3. T77)—FNER

YAMAHA MOTOR TECHNICAL REVIEW




2010 £ YZ450F
The 2010 model YZ450F

S EioT

44 HERZ%

PR RIE 3 E—ARGE R R LI 20 B EN S 5 — AL TR R D o V% i b En
B4, —F NV—TIRICLA T I Uz COTFV— AL T INA RO T +—LIC KB RE%
RHiL TS, YA LY iekihd 2 e Lz, (K4)

X 4. BERRINER

4.5 [REHKEEY

JFEEAAATIZ, NI 7))V HOPW DA NI T U ZiE R T % 24 FRC LU D i )1 Uz O EAT
R—MBIREV TR @B 5),.@QE AR - avay RiEEL—E V=Y ORIt (B® 6). O %
HIERICK DA S DK OICBALU T, B E RN OELIRIRE DINT >V A2 E hd U, i s IR
2RIz, @, e URICBIL T BERE - S E 2 LR UL B b, m RS Tk 2 B U Tz £ e 1 A
BMEIRD 2. A T2y MV ZZ R LTI RERFEIDOVEDTH S,

B 5. K—bHrEY B6. L—EVTIN—Y

YAMAHA MOTOR TECHNICAL REVIEW




2010 £ YZ450F
The 2010 model YZ450F

HiF B
51 ZL—L

HHFEDINA ST INVE— LT L— LB Ul EA D2 7 L—)Vid 3 Kot F ke %> TH
D NA RO T A—LICXBIEEFEL TS KT, AT TV TNy RDSR T Y Fa—T > T
U2y by RSA FICBNTE, FilBE O PR 2 A 1 A N2 B0 UL B at s e DA
JRMzEERR Uz, (B7)

K7. 7L—LNER
52 HAXRVY3Y
ERMOy Y —ICE o T ARV g FIERICEEROY R— VM=V TH 5, 520104 Y
ZA50F CRIEKRETMICHLTT7AY 74— DA MAa—7%10mmiEE, )77y avid e EM
FRICKOIMFZKIR L, OISR RICL A T MU, 2HUC KD, Fvy T TOEMM, etk av
Tr—MEOE TR EEE T, (E8)

,//
F
PR
S

X

8. i ARV 3y

YAMAHA MOTOR TECHNICAL REVIEW




2010 £ YZ450F
The 2010 model YZ450F

S EoT

52 N\ZERIVEY

EHRET IVE LT A BRSO T A X —ICEE B AIENY RIVRY v ay BRI LI NV R
WN—=0F5 2 T OO F LN RV 75T 12 2 fEipkiE. CAUCKD, 438D DN RIWIN—=T5
ThiiE 2R TE %, (B9)

9. NIV ST UNER

7 1— IV 7 =23 ————
6.1 ECU

YZ450F T3 2010FE T )V BFIZ R LTco 73y TU— L AISHIS U, -y ZhaS) g O BT 7R UGE)
PAERET S, L—ARBETOBIF R RS AN\CY T 221557201, Ay MV D 205w
{fLICEBRETESEREEL TV 5,

6.2 YZINJ—Fa1—F—

YT VT EBEDLOYLNT —F a—F—2HHREL. 2=V =Dty TV TZEBEITHIS Ul A
FIE g AR 3 X 3D 9 DD F 2Dy SICk-> TRy T4 VI EHTES, S &I+
20% . KRG +4deg —9deg DHFIPH TO LA H A [ HE, E =X —BHEL R THD. LoV VD
KRR AT BTN TES, (F10)

10. €y 71> Y—IVAE

YAMAHA MOTOR TECHNICAL REVIEW




2010 £ YZ450F
The 2010 model YZ450F

S EoT

6.3 IARKRVT

A 22O IMEENIR R T2 R U IR R T 2 — )V 22 7GR LTz, € a2k
TTITELIER Y T LA T T b2 R U BRRHIRICRZ SRS A R ANDO 7 WA O 52 M A T2,
ED

1M Z2roEYERER

F B OE ) OMREFURIC K 20 B OB &8, FeE w2 7 T UIHata FACM (32
AR Z AR Uz i TR O ORI Kb e —2— B/ ML e R B2l § 528 TLA
R AL NT — D Wi i T hoi&A Bt~ A& Ui,

EbYlc N

20104EYZAS0F TERI LI LRI L A 7T M KO RIMRDO NV RU VG 2o D U RER R
BRI BRI AT IVZHIL AT I FTORYDETIVTH S, KR TAT 27 A 8—Id. T
DFHLAT IR LA T IR TIRRFETE RV LANNVETELTESE M2 FD. kR ET IV TR
e ot MREZ FICANSHNTESEMEREL TN 5,

YAMAHA MOTOR TECHNICAL REVIEW




2010 £ YZ450F
The 2010 model YZ450F

EHS
RA®III1Z  Hitoshi Hasegawa
MCE AR EIERR O > R — 2 NRASRER

QAR B—  Yuuichi Sasaki
MCEZEATBREMRIEI > R— 2> MRFEER

/B FIIZ  Toshihiko Ogura
MCEEATBRRMHIER T Y V558
EF T Kyouhei Hoshino
MCEE AR TS AR MR BRER

183 K Taisuke Sakurai
MCE S AR TR E B0 R SR SR AR ER

BE1X #Z  shidehiko Miyashiro
MCEEARTPEAMAAIEIERES 2 R 7 5REHER
1% B5F  Katsutoshi Satou

MCEE E AR AT E S0 S R BRER

A+ =8/ Kouki Tamura

MCE AL IR CAERERED

% E  Atsushi Kamo
MCEZEATBREMRIEI IV R— 2> MREFEER

@l JEZ  Kiyohiko Takayama
MCEE AR TS BN R Sa R BRER

YAMAHA MOTOR TECHNICAL REVIEW




E=2—FA4IIVRI570D
SRENIR 55 & on a1

&L
» W ",‘q
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Abstract

To contribute to the achievement of both the compactness/light weight and a high level of
reliability in motorcycle crank pins, we undertook fatigue life measurement using a ball-on-
disk test and crankpin durability measurement by engine bench test. And we subjected those
results to Weibull analysis consider methods for predicting crankpin life in actual road use on a
motorcycle. Taking the flaking phenomenon as the typical form of fatigue-induced deterioration
and failure of crank pins, we found a correlation between the ball-on-disk test results and crank
pin life as seen in engine bench test results. Based on this we considered methods for predicting
crankpin life with regard to rolling contact fatigue in an actual motorcycle use based on the
results of metal strength test. In the future, it will be possible to use these methods for finding
optimum pin designs with the necessary reliability when new designs or manufacturing methods

are employed.

(ZC&IC I
EAE 77 PBRICSICH T 2 HB) g B OB FE L WK TOFREN LS 5H T, R
HEENHL TS, NSO Tlse E NS R, F R REZ.OE LT AR T PV 215K
T HEDMNEL, ZDEMHERDO B, — N2 RA LY Y eI R EB AR TR, ZDOHTE,
WAL YT NESMNI T I 02 kT 575 78y (B Iz H T /Nl E{E
& ST 2 N 3 % T2 DI R B AR GEEE 55 A IS DUV T AR R EE GRS R B X U H _Ealhs i x
TATINT U, FLEITHICI T 57 50 7€ OFmEiitmn EORRZ#HEE I 2 1512 E R Uz,

HEy B
7277 D E 2PV OHLTRIRES) Z L TWa7zd, 20/ iE, 22V D%<
DRSO/ LB RIS R MIE T — /5. VTV 7o T M e/ ML L& fRc oo ey

DRI B DO NAFREL 725, COMED RSS2 A Tt KT L—F 7L

I NS HREINE T ARG FEE L, T YV ORREZ RS T LIC5 %, Z DT, itz S 57

BIZIE. T L—F 79 BE M2 IRk SR B 1 2 IEREICHUR U, 2 Ofip N T/ ez

119 E D B 51231,

ZTT RIS T, BEBHEMERZ B EIC AN T L—F 27 F il FERET 2 bk i el iR i

XA Tz, ZDRERE B LIV I VBTOI I oy OFame DMHBZ /R L., FETT LTz il

DSy O &2 HEE 5 RIS DWW TER LI,

YAMAHA MOTOR TECHNICAL REVIEW
86




E—F—HAVIVRI7 7 DExENE 5 & dn 5T

Evaluating rotational fatigue life in motorcycle crank pins

9309 0%TF

®1 9520wy T &SV IEY

!ﬂl%ﬁﬁtﬁﬁ& L
3.1 MR ER

75 AMBIOT L —F 7T 28R 158 LT R =LA VT 0 R DL 7 5
BT oo ik E O 2 B21R T 3D R =)V M CH BT A AV FD DT v TR
D" AT AN "2 T EOHEENT 5, T4 A7 FICT L—F T WRE LT RS T s v v —Ic
FOIRENZRATL . GRS %, aklfs: 1L i E COR— )V ORI E % £ > T, Z DM TOH MY
A7 VEE LTz,

RN GABREM 27Tl EIE VYIS JIAIT/RL, 4.0GPa, 4.8GPa, 5.3GPa, 6.0GPaD4ELfEZ 1
ZNT BN DR Z2 1T 5 T TNZENOHFMIER RIZ. T AT VRIS LIEL TR LTz Ch
BEH 5, FNZFNDNVYIE T TOBREMHRER50% (UL FL50) D& %R, NV YIS EL504 e
DOBFRZS-NEKE L TR,

EEAR @

- w2k

AFA+H

2 EGENRFEHEREE

YAMAHA MOTOR TECHNICAL REVIEW
87




E—Z—HAVIVRI7 7 DExENE S & dn 5T

Evaluating rotational fatigue life in motorcycle crank pins

WM OME X Bh T 28 Fo oY VBB L CHETHG THWA I 78 ERILE L, IS
SCM420 (7 LBV T T VAT UTOIRIRBEANBER L 21TV, 75 7€ IFIER UM S e Lz
(FE3) . ISICBIE., 750 7V LIRS, KD 550 p mDESE THHE L, Xl S ZRa0.05& L
770

- 800
#F1 HEREH
Pmax = 4.0GPa, 4.8GPa,
NIVYIEH 700
5.3GPa, 6.0GPa
wE 1500cpm N
T
A=l SUJ2, 9.5mmf ¥ 600
B 17477 1—10(3IXE) i

SREMART ~<A X
$I4% ©105-150 u m

500 | _e- #tERH

A EYRLF B © 750HV o= HSUHEY
21 = . 3
AE : 1gper 1000cm P | .
BE =B 0 05 1
EE(mm)

3 WEBRM DS 57

328ETVVVHER

R A IR G A A <31 TS AVA YA oM - & Y QAL <l QRIS TEL i B AN/

OENCTU—F VT HHET X TOHmT A 7)IVEEIE LTz,
B4IC. 75 I ENTY T OEMEBOBIR X Z RS, 77 78 DOERIZ30mmE Uiz, £72. T
MG BTV 703 B 4mm, EX12.8mmé& U, fililge . il /5 mduoh 55, 1mmoON; E O [
1.3mmic, o IR ZKIK T 272D 757 =0 7 2 B LTz (K14 (0)) o s AV 0 E 12 8.6m/s, HEfil
IO DB R EIZ2.65kKNTH %, COmAKMED DN S TzmlEZE > T A7V E LTz 4017
WLy I VW), ZORENE. 752 7 DRSO En b 755,

TAM EENRELIRE R TI Y YVUZIED. 75 IV RIS L. T L—F T HEL T
1555 T CETORMRE LR B A 27 VB Ule, EERORER X, S5 O RHEICIZ 5D EN
HD. TL—F T ORENLL I NZILE TOMIC, I K4 X 1089 A7)V DENNFETZIEH
HHTEDMERENT LD LENS, COGETE LV VEILETOMRLEZE ST . AEmT 17
WL LTz,

YAMAHA MOTOR TECHNICAL REVIEW
88




VS & E—R—Y1IIVBYS Y Y DEERE S % Tl

m %ﬁ i Evaluating rotational fatigue life in motorcycle crank pins
(a) IEEX (b) (a) DAIRE () (b) DYZVZVJERIEKE
wE 930 T
2.65kN (@A A AL &Y 5. 1mm)
12.8mm 3
y $4mm — H3=2y
) RFULy ] 1/ A
¢ 30 mm

R4 25208y | NT Y5 EmER

3.3 FEMIZ& BNV s Hf#tR

D50 VRIS ATV T HEMEONVY B 17 R B i, G IREEBIC X B0 1R
WiZtiolz i@t Y 7 v 272 LT TED/CPA PC 73—328.1.181% iz, Bk B X O B &
FHTRDE FZ Y VRBREESE U2, 752 7E Y ATV T KR ER 20.4Gpa, KTV
Y7038 Uiz, BB OIS T ROIIFEL TO ARV EIGE L, R IZEE Liah Tz,

HER B
41T7L—F27

B5. B6ic. Mk as JUH L VVBRICBER SN T L—F 0% . B LT YV
BCE BT L—F & i 55 0mmOALE THRAEL Tz, COMER ATV T BT 57
Z =7 aOME (K4 () IS T %,

100.um

5 MREREERER OWEERM 6 MRIREERE DOWEER
TEHEINTL—F27T THEINTL—F2T

4.2 MREERBRS LUB LIV VHEBRER

71 MRS RER DS~V Y B (Pmax) IZ B0 %, F i A 7 VEBOT A7 )V ay ke & Ly
VUBRICBI A TENEZRT A7 0y b BRI, Z DM E DN SHEARSNBIEIR ST A—2— (L Fm
fitl) 2 e Utz miifild MRS ARBR T3 4. 70 55.9. & LUV Vil cld. 124 TH -1z,

YAMAHA MOTOR TECHNICAL REVIEW
89




E—F—HAVIVRI7 7 DExENE 5 & dn 5T

Evaluating rotational fatigue life in motorcycle crank pins

99 m= 52 49 47 59 42-124
90 - 6 | cocra @
80 RS
70 53GPa
&t 5
» 90 IUOUH
h 4.8GPa
W 20 Pmax = %
@ 15 6.0GPa 48GPa 4.0GPa %
; 3
B 13 o E 3.04GPa &k
Iy
5.3GPa t2 e
° 'y 32
3 A <
MR E A ER
g 1
1 2.59 x 107
0
105 108 107 108 108 108 107 108
N/ Cyel
H A ILE N/ Cycle F AN N Cyole
7 EEERoUs7)07Ov bk 8 L50F®lcHlFs S-NiER

MREREAB D NIV YIS I TOIAT )V T 0y S, ZNENDL504 i 7Z2 R, F -~V Y i
AR (DLR, S-NERKD Z R L7z (B18) . CAUC KD AT D NIV YIS TD, L50EmZ R H T 5L T
%o COSNXIE, X (D TaUEN S,

Pmax = -0.682LnN + 14.68 (1)

TEFESD
w5
T

BT

BRANIVYESS (3.06GPa) FEZRE KWK TRY

9 USTVIEY/RT) Y TEMEDISNTE

YAMAHA MOTOR TECHNICAL REVIEW
90




E—F—HAVIVRI7 7 DExENE 5 & dn 5T

m %ﬁ Evaluating rotational fatigue life in motorcycle crank pins

L B LA T\ ]

4.3 FEMICEBANIVY IS HIRREER

HANTRUTD 52 08 eXT VT DHEMIRAEIC T, FEMZ W T I 7ROV G
TR LS 3% RN R 9, BT L 55. 1 mmOAiE T, i K 3.06Gpad it 1 h3 LS 4
ReizoTz, TONMEIE K4 () TRLIZENS ATV T DI59 = FimDAEICH S 9 %,

%§ e

5.1 #RBEERERES LTV VA ERDOER

M7 X CK8X D MEIEIEREAS e B E Y Vil OIS OV TG L7z,

B LD BROAER Y A 7VEIIE GRABR T IE DI TIb R T2id@ D, 4 X 1089 1 7))V DER
WEENTNWDS, ZDT, ZDTA TNV KTH ORI O TiEZ ZATHEYD. miElciEH
5L N Tm=4.2 (K7D LR PTHREMED 5%,

B LYV ERR RIS O T, EZIME (X 7R ICEE DWW IL504arid. 2.59 X 1079 A 7))L T
B %, ZDOL50FF MM S M RMREE AERIC K B S-NFR K (K8) D (1) Z VTR Lie by i,
3.04GPaTdh %, 75 FEMEHTHE IR (X19) S5l i KDV IS J11E3.06GPak R E M, Z D3
M B oY VBT L—F U I RELINMEEIZIEF U TH S,

BRARDONVYIEHEE KT Z OFENE D, MRS SR UTAS IR E  FEMGHRAE R E O
MITARIE BT 22D E MENICTIR DD, 5 L2 I Va2 Mokl R s SR S HE
WTEBAREMEDN/RENTz, THUCKD BRI T 7 E Y OMBIRBVILEENZ E EN T804 F DM
Kl iR IC X BS- N Z R B L ic kD, L50GmERdbNE £ 25N %,

52 REFTERMDISVIEVEREE

RIZIC TR TIETLUTORHICE T3, 7T 7€ DEFMOHEE LDV TG %,
FETHE TR, B LY VaBRE U Y Va2 lio T T, BHRRER DD T, 2HUSHHS
T 372D, D ELRICT OV T, TA T IV OIMEIE nTRETH % LA E L (KBHEIER T O H
25 (B10),

FHETHIIC DOV TELT % ETOME ANV IS DBFE LY A 7V Z B NIR 0,
CETH%, Z DO MREREAER. B LT YV ikBROFRIS A LT, Gy A 7))V 07 i g
THIENTER /7 FEITH N T BE LTI Z Ny T A—2— 5t A B TN TES,
ZTT OV ICYBEMITO T B THIEEDN T A 7 IV IS LAGE LT, 7'y b Uz
10ICFIAL TR LTz, 35, COBUEE, FIEFHHD 2D DIRDEDTH %,

YAMAHA MOTOR TECHNICAL REVIEW
91




E—F—HAVIVRI7 7Y DExENE S & dn 5T

Evaluating rotational fatigue life in motorcycle crank pins

99 m= 52 49 47 59  42-124
90 °
80 ®
- 70 °
AN
J 50 S
B Iy
# 30 atBR
o =
% 20 RT'laX ®
#E 15 6.0GPa | 48GPa  4.0GPa
B 10 5.3GPa ‘e
7 \ 1%
o MR ES R
o 2 [ 4=
0.00 RETER
0.001 (1)
105 106 107 108

BYADILE N/ Cycle

10 106 107
EITHERE ¢/ km

10 RETEROEFRHE

FGETHME B L Y VBT FICZ Y Y U O T0WAS T FAE T Ik s 1k
CTHY. HFit A7 IVEICHTZmiELRICTH S L TREINS, CONRED LT, FEEFT Bl O mfil
MW ELYYYTFANOmMEE I CIC /R 2 K, ETTEEEEZ Y 1 7)VEICHAE L il Srh B 7o )
. K10ITRg . COXIICU T FETH O E TR Z . & o2 Y Vakiiz /it U MR
RO AFY A VIV BHEE S BT e D lhEL 1%,

COHEETEZ. 7T 7y DEFEZ/NES U RNV ISR E > TG OAF e 1 G
M BTN HRS 2L B0 T ANV YIS SIIMACPaD T A 7 )L oAz M§id 5L . L0.00 14
3 X 1039 A7)V TH D, THUIEITEEEEL.5 X 105 kmicH4 9 %, DFEH . NIV Y172 4.0GPalc
Binxes &, SLETHID0.001%H%, 1.5 X 105 km T TV 2E NS T L—F 07 W5 d 3k
HLHEEEINS,

HHYlc B

FGEATH D752 7€ DA G TR MORRE ABRS D SHEE § 2 IS DWW TRz,
Stk BREIHEBEICKO NIV B S T 50 ER MR 2 R LI B o Adifle Fike LT
HHUEDS, 7—2ORKiA LK HEEREZ E5ICm LT3R T0ERZL,

WEE
MRIREEABRIC H 720 B EG S 2 W0 IR0 T IR R SR X S 4L O PR RN Z RIS E 2 &L
95

YAMAHA MOTOR TECHNICAL REVIEW
92




E—Z—YALVIVRI5 /7 DcEhiE Y5 &t 1l

Evaluating rotational fatigue life in motorcycle crank pins

WEE iR

1) H. Yamagata: The Science and Technology of Materials in Automotive Engines, Woodhead Publishing,
Cambridge, (2005), p166.

2) T.Kubota, Y. Yamashita, T. Yamagata: SAE Technical Paper Series, No. 2007-32-0085, 2007.

3) ARER, ILTHE: BEAREEREFRMERRIRRESE, 87, (2008), p57.

4) J. Brandlein, P. Eschmann, K. Weigand, and L. Hasbargen: Ball and Roller Bearings (Theory, Design and
Application), Wiley, (1999).

5) WBHIEZE: bZAHROI XL, 36,6(1991), p566.

WEE

ALRE @ Tsuyoshi Kubota
FRANTARER A EERR TR R MRHRATER

W #8F  Yasuyuki Yamashita
BUSRREEAEE O— R L — b RERAEED

YAMAHA MOTOR TECHNICAL REVIEW
93




—RERERBICEIS _
xRV~ T~ FHEEEDERIRR

Fundamental study of methods for evaluating mental workload
in motorcycle riding

A& iEE KEEH SEE N\KBE

Abstract

In recent years IT has brought advances to motorcycles as it has in other industries. In
the area of ASV(Advanced Safety Vehicle) and the use of IT devices to provide riders with
information during riding, there is now a need to objectively evaluate the mental workload
(MWL) involved in this information supply in order to help optimize the amount of information
supply and its timing. However it is difficult to measure the constantly changing MWL by means
of subjective indicators. To deal with this issue, we used a combination of physiological and
behavioral indicators to construct a time sequenced and more objective evaluation method to
measure MWL. For the physiological indicator we used event-related potentials (ERPs), which
directly reflects the brain’s information processing activity. For the behavioral indicator we used
dual-task performance of "a tracking task as the main task" and "a peripheral detection task (PDT)
as the secondary task" , in which the dual-task was regarded as simplified motorcycle operations.
In our experiments we utilized simultaneous measurements of "visual ERP (P300) via a devise
built into the helmet" and "dual-task performance which is the number of tracking error and the
rate of correct detection of the target LED lighting". The experiment's objective was to test the
effect of varying degree of the MWL on the respective indicators. As a result, we were able to

verify the effectiveness of this MWL evaluation method and clarify the constraints involved.
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ﬁ ﬂ}j i : An online engine control parameter optimization

method using a multi-objective genetic algorithm
Abstract

PRA B BH X

In recent years it has become commonplace to outfit automobile engines with a variety of
high-level control systems aimed at satisfying needs ranging from reducing emissions and
improving fuel economy to improve drivability. Such control systems are also adopted now on
Yamaha Motor products that feature fuel injection systems. However, in order for these control
systems to fulfill their roles satisfactorily, there are problems of accuracy in the adaptation
of suitable control parameters and optimization problems deriving from the fact that the
increasing complexity of the control systems increases the number of parameter combinations
exponentially. This makes it difficult to find optimum values with conventional adaptation skills.
As a solution to these problems, we used a genetic algorithm to develop an adaptation method
that involved searching for optimized solutions for multi-objective parameters online during the
course of testing in an attempt to obtain task solutions. In this report we discuss the results of
tests applying this method for the adaptation of multi-staged injection control and idling control,
normally adopted on diesel engines, using parameters obtained by this method. The discussion

includes evaluations of actual road tests.

IFC&IC N
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Eiz BRSO DB RIA N T =8N 20T, EE D HINZ [RIFRCHE L 3 2 gL 78T A—
2t e DEEPIMD TE W, LA L, ZHINZNT A—Z O T, FHlED Y AT LOEMESIZ)ILT
FRENCIEINS 572 BERDIER ISR #EL 2 2 82 A L TV 5, ZHUd, i SIS U TR Z E
DEAIVTTENISWVIESHTUT KV DD, HEWIIIFET 282 EDXSICH M BIX XV 7Z2HE
ANUIRURII RS TH A,

COBEFRD VL DODRRE LT, FHUMTHEONzT — 2 Singifiz R T % & WIS
LN RO ERETE %,

OWMNCHM O EA L 722 /8F A—RICEETESM?

@UMNITENRICEETZ B ?

Z TR EEMRZED TS Z HINEEN )V T ALK S HEREMGICEHL. 2hH0
MEx A2 T4 2 TS % HBRE SRR FIEOBFICHE T Uz, a5, COBEREANBIFEICIZ, 8
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% HMIGAIC & 57 o/ i ———
2.1 ZEMRE(LMELSZBEMNERN7IVIVZL

B4 FH I I B ipi L O 2 IEEE O R 2 5 E (HIBIED 2723 X5 &
PR D5 C b % Paretofisifif 2 XK 8 % % H i@ L (Multi-objective Optimization Problems,
MOP) IZi#5 TEBEAE L n 2280 m H i b ez

m)icnf(x)

subjectto x€X = { x€R”

gx)<0 }

LEHL TS, 2T x =[x x| & n HOTEZEBARZ Y, SO =10 L0 i m oeH
BN Z BV, ) =[20) @M [T & I JOThSIERT BV TH B F e f () < £ (&%), i=1,..m
il 9 xeX MMAELIRWVEE, x*€X ZParetofifit & FES,

MOPDf#EE LT, #EERMNIE (Linear Sum Method) *® € -4 ( & -constraint method)7x &€ ®
Scalarization Method BMERILSHWBN TS D, ¥i4E Tl 2 HIEIRN 7L 3V X L (MOGA) 7z
ZDfED 1 DELTIIAZED TV %, e EISEHEEIC K 52 HINE(LETR O gz Hie Lz,
Pre-selectionZHE L T %, TNH DM S5 Sk I BIEIN B g X N T, 7235 AN
TR EMOPZR A B KHICTHE LTV S,

SERIE ST O R L R R ——
3.1 RRKE

RNV VO FEHIC BN AT LM 2R T ALY YV EN— 02— K EGRV AT Lzt
$EIAEVL—IVEET A —EIVZ VOV T ATV 2723V LV /AR TH B,

®1 IVIVEERT

Parallel 4 cylinder,

e 7 DI DieselSOHC 8 valve
Displacement 14L
Bore x Stroke 73 mmx 81 mm

Common rail system

Fuel injection AR
) Solenoid injector

Compression ratio 18
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PC ECU
(MOGA)
H] - Air Flow

/ - Meter
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Rail
El”

Injector

Throttle

h Valve I:>
High Pressure
Pump
EGR
Valve

Exhaust Gas|
Analyzers [

©)

Engine speed 1200 rpm
Torque 46 Nm
Coolant temperature 80 degree C
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Mass(FAM),

MILIZAA VSR DA > 7 2@ B FHUARF I, PMIE A W5 & 7)) IS O @ A B AR B O R b, PQ
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TDC
Pil-Pre Interval Pre-MI Interval MI Interval

& ot ot
ot L L
1 1 1

]

F2 mEgos—a3>v

EEEE ot

Fo GHERR Y Y Y DIRED 28, SOFSO0T, HC, MV I ZE#HH 5 L[R2 AR NKIITHRERD
HlKI 72 5T T EHIC, Hilfl EOHART, H# ST A—2 DT I K> TS IEFIC3BMEH T ERWSEIEN

YAMAHA MOTOR TECHNICAL REVIEW
3




ZEMGAZBM LIV IV TOF Y SAV/HIHNG A — 2 BEFEDRE

An online engine control parameter optimization method using a multi-objective genetic algorithm

BB 1, SN 1858 AR LR OHIRI R el A 2> Ea— 23 T2 YVl =y
R (ECU) JT ARt LIEIE L0, DL R O T C il 2175,
(D)FHIAAD YD BB T LICECUIL T DD $5 A— 22 145,

2) M7 EN7=NOx, SOF., SOOTZ & A T35,

4)HlRIER AN B U, HIRIE S 2 L Tl IR RIS Y10 2 — 2 R RMOGAIZ K 2 Il D flil i

2)
Q) HFER DN DT 27,
(4)

\YIOEZ %,

G)HIFBE DT UL A Z YO B Z TH S @OV > ) 7 F — 27 i UT-1%. g O
DT —Z O XA O G L UTMOGA% 9211,
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Selection method

binary tornament selection

Mutation method not used
Crossover method UNDX [8]
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Abstract

To answer the emerging needs for greater safety and running performance as the motorcycle
market matures, motorcycles today are increasingly designed with electronic control devices
whose functions are to control the movement of the machine. While the adoption of these
electronic control devices makes it possible to control the performance of the machine with a
high degree of accuracy and detail, there is also a problem of rising development cost due to the
need to find and select suitable control parameters. This has led the industry to seek methods
for predicting the effect of control parameters on machine handling and selecting practical
parameters from the standpoint of machine handling in order to develop new methods for
efficiently optimizing control parameters.

With motorcycle, there are cases where slight differences in operating actions or shifting of
body weight by the rider can have a big effect on the characteristics of machine movement.
However, investigations are limited to steady state conditions, it is possible to reduce the effect
of the rider to the differences in center of gravity resulting from different body lean angles and
thereby conduct tests with a high degree of repeatability. In light of this we focused efforts
in this research project on handling characteristics in steady-state conditions and performed
simulations and measurements with the aim of developing a method for quantitative evaluation
of the basic elements of machine handling.

In recent years, researchers including Ichiro Kageyama have focused on steady-state
characteristics and have proposed performance indexes (metrics) for steady-state characteristics
of motorcycles and presented their theoretical background and the differences with 4-wheeled
vehicle metrics. However, these studies have not included accurate measurement of the angle
of lateral tire slippage as one of the important parameters for determining evaluation indexes.
As a result, their considerations have been primarily theoretical and there has been a lack of
verification of their findings with actual test results.

In this study, we report on the results of measurements we conducted on steady-circle turning
using a particular sport touring motorcycle model, in which measurements were taken for
the parameters of steering angle, steering torque, roll angle and tire force and moment and
tire lateral slip angle. With regard to tire lateral slip angle measurement data in particular, we
utilized two different measurement methods while also comparing the results with simulation
results to verify their accuracy. Then, we also investigated the effect of differences in rider lean

attitude on steady-state characteristics. Taking these results, we then went on to use our actual
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test measurement data to evaluate the validity of the handling evaluation indexes proposed by

Kageyama (et al.) for steering factors, lateral slip factors, and steering torque factors.
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