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The Essence and Change of Technology
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Now is a time when we need to think about where in the world and how Yamaha products are
actually being used, and how these two elements are changing.

The range of locations and uses is tremendous. In the marine sector, it varies from luxury cruising
in the wealthier nations, to fishermen in places like Africa who are using old 2-stroke outboards for
their livelihood.

In the generator sector, uses range from powering lighting at festivals and outdoor food stands in the
countryside, to heavy use in medical facilities in emerging nations. And, I believe there are probably
places where these products are being used in ways that we wouldn’t even imagine.

In the case of motorcycles, the worldwide annual demand is about 55 million units, and I believe that
when you total all the motorcycles that are actually being used around the world today, it is probably
about 200 million. The uses range from utility use in some parts of the world where they ride with
unbelievably large loads or with “many” passengers, to commuter use in the cities where people
appreciate their convenience and also their uniqueness as a means of self-expression. There are also
places in the world where people enjoy cruising one-up on large bikes weighing more than 300 kg,

and the world of racing where motorcycles reach speeds of more than 300 km/h.

The variety of technologies required to meet all of these needs is huge but we engineers have to be
prepared to select between them skillfully. If the required quality or performance is different, then
the types of technology used will be different as well---or at least you might think so. However, if you
think about it deeply, you might realize that the “most essential part” of each technology is the same.

Does it break down or not? Does it leak or not? Are the levels of NVH* acceptable or not? Although
there are some differences in the standards of acceptability depending on the type of technology
or the needs of the times, I believe that there is no difference in the most essential elements of each
piece of technology we use.

As engineers and technicians, we must look directly at the most essential objective that each piece of
technology must achieve, and then apply the right procedures and take on any challenges necessary
to realize what we want to achieve. There are neither shortcuts nor space-warps. All we have to
do is to stay humble and faithful to basic principles and work diligently with the techniques and
technologies we have gained throughout our careers.

Our company is now making drastic changes in cost-effectiveness in development and our
development process as well. I think that this “change” does not mean to convert the most essential

parts of the technologies we use, but to optimize their use. And I believe that this process of “change”
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should be a great experience and opportunity that helps us refine the most essential part of our
technologies.

I am hoping that all of you as engineers will focus on the most essential part of the technologies you
use, and make efforts to realize what we should achieve by being humble, faithful and true to basic
principles and working diligently.

This process will surely lead us to the true essence of our technology, and I am sure that we can all

look forward to that result.

(*) NVH means Noise, Vibration (vibration resulting from imbalance in the machine) and Harshness (vibration

resulting from road conditions). It is one of the standards for evaluating the passenger comfort of a motor vehicle.
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New electric motor developed for 2011 model PAS electrically power assisted
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In 1993, Yamaha Motor Co., Ltd. released its newly developed PAS bicycle as the world's first “electrically power

assisted bicycle,” which mounted a battery-powered electric motor to provide a “power assist” in response to the

rider's pedaling. Ever since, Yamaha Motor has continued to develop more compact, lightweight PAS drive units,

higher-performance batteries and other features to refine and improve the performance of the PAS series bicycles.

Meanwhile, factors such as the increasing customer concern for the environment and the health benefits of exercise,

as well as liberalization of the laws governing power assist ratios in these products in Japan, the demand for

electrically power assisted bicycles has continued to grow steadily, and in 2010 total wholesales of these bicycles in

the Japanese market exceeded overall wholesales of motorcycles (excluding imported models) for the first time. In

this report we discuss our recent development of a new electric motor for a new PAS drive unit that features increased

durability as well as measures to provide quieter performance.
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New electric motor developed for 2011 model PAS electrically power assisted bicycles
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Emergency aerial radiation monitoring system employing unmanned helicopter
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Abstract

A nuclear power plant accident is a disaster that can affect a large area. For that reason, effective use can be made
of aerial monitoring. In the case of a manned aircraft, however, the danger of crew exposure to radiation presents
a major problem and can result in limitations on aerial monitoring operations. The use of unmanned aircraft offers
a desirable alternative that eliminates this danger of crew exposure to radiation and enables remote control of the
monitoring operation from a safe distance.

Yamaha Motor Co., Ltd. has been commissioned to provide the company's unmanned helicopters for the Nuclear
Safety Technology Center's survey of emergency aerial surveyor systems using unmanned helicopters.

In this report we discuss the results of this survey along with the monitoring of radiation within the 20-km emergency

evacuation zone around the No. 1 Fukushima nuclear power plant performed at the request of MEXT.
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Emergency aerial radiation monitoring system employing unmanned helicopter
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Abstract
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Achieving both environmental friendliness and improved profitability

In line with the environmental policies of the Yamaha Motor group, Yamaha Motor Engineering Co., Ltd. (hereafter

“the Company” ) has adopted an environmental policy that calls for us to “Help contribute to the preservation and

betterment of the world environment by working proactively to constantly improve the quality of our corporate

activities in all areas and aspects and to develop technologies, products and services that contribute to improvement

of the environment.”

We believe that press die technology is one of the areas where we can contribute to the reduction of energy use

(environmental improvement) through concerted efforts to reduce press die weight and improving “yield rate” (the

ratio of the total weight of raw material used in manufacturing to the actual weight of the finished product). In this

report we discuss our efforts in the area of press die technology development aimed at improving both environmental

performance and profitability.
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Standardization and flexibility of automated assembly equipment for engine
assembly lines

Rk EE

Abstract

Since its founding, the Production Engineering Division of Yamaha Motor Engineering Co., Ltd. (hereafter “the
Company” ) has supplied manufacturing divisions within the Yamaha Motor group with a variety of equipment and
facilities for the automation of manufacturing processes. Of these, the equipment performing such specialized tasks as
fastening bolts, pressure insertion of parts and sealing, etc. for use on engine assembly lines have been supplied on an
order-made basis until now. Recently, there has been a strong demand for the capability to respond with flexibility to
the needs of high-mix, low-volume production schedules, particularly in the domestic factories.

In this report we discuss primarily the Company's measures regarding equipment for outboard motor engine assembly

lines and our proposals for standardization and flexibility of automated assembly equipment.
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Development of a renewal device for the pressurization control unit in low-
pressure casting

YaEF M=

2
Abstract

A low-pressure casting machine consists of the casting machine, the mold and the holding furnace and is used for the
casting of parts for products like motorcycles. The stages of low-pressure casting are 1) the closing of the mold, 2) the
pressured filling of the molten metal, 3) the solidification, 4) the opening of the mold and 5) the removal of the cast
piece. After the mold is closed, pressure is applied to the holding furnace to force the molten aluminum through the
stalk tube and into the mold. After the pressurizing and solidifying process in the mold, the aluminum becomes the
finished piece (product). These processes are controlled by a specialized unit for a variety of parameters including the
temperature of the mold, the temperature of the molten aluminum and the amount of pressure applied to the holding
furnace. (Fig.1) Of these, the pressurization of the holding furnace plays an important role in determining the quality

of the cast and therefore requires stable and consistent performance. In this report we discuss the development of a

renewal device for the pressurization control unit.
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Development of a renewal device for the pressurization control unit in low-pressure casting
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The 2012 model TMAX

SHER XFEE HER WEBE Sa#E RA/INE

1 2012E7 /L TMAX

Abstract

Europe's “big scooter” category of commuter-use motorcycles of 401cc and over has continued to record an annual
demand of between 40,000 and 50,000 units since 2006, and it is a category crowded with some 20 different models
by the European and Japanese makers. Among this large number of competitor models, Yamaha's TMAX alone
commands approximately 50% of the market share. The two main reasons for the TMAX's high level of popularity are
its convenience and ease of use in everyday commuting and its sporty performance in leisure-use riding on weekend
excursions. It is the TMAX's highly sophisticated balance of these two qualities that win it such a broad-based user
following and brand loyalty that makes owners choose the TMAX again when it comes time to trade on a new
motorcycle.

Despite the solid popularity of the brand and the broad base of customers that love their TMAX, Yamaha has
made large-scale revisions in the engine and chassis in the 2012 model change in order to continue to exceed the

expectations of customers. In this report we discuss the development of the 2012 model TMAX.
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2012 Model Sport ATV YFZ450
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Abstract

The “Pure Sport ATV” model YFZ450 released by Yamaha Motor Co., Ltd. (hereafter “the Company” ) in 2003 was
developed around the engine of the YZ450F production motocrosser known for its outstanding running performance.
This YFZ450 became popular for its exceptional performance and maintained the strong reputation of Yamaha's YFZ
brand until its final model in 2009. In 2008 the YFZ450R was developed with the latest specifications as the YFZ450's
successor model and also won a fine reputation in the market.

Demand for ATVs in the major US market has declined since 2007 with the economic recession. Particularly in the
sport ATV category, factors including the growing expectations among customers for higher levels of performance,
the rising price of models due to the exchange rate and stricter credit screening have led to an increasing tendency
for potential customers to put off purchasing or wait for the discounting of older models, thus delaying the recovery
of demand compared to other categories.

Due to this market background and Yamaha's traditional strength in sporty vehicles, the Company undertook the
development of a new “Pure Sport ATV” model offering good cost performance and attractive sense of value for cost
with the aim of re-vitalizing demand in the sport ATV category. Here we report on the development of this new 2012
model YFZ450.

(Fig. 1 shows the 2012 model sport ATV YFZ450)
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2012 model snowmobile RSVector
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Abstract

Over the past ten years the demand for new snowmobiles has been shrinking worldwide. In 2011, however, the

decline seems to be bottoming out thanks to a growth in demand in the Russian market and signs of recovery are

finally emerging.

Yamaha's 2011 model APEX became the first snowmobile in the world to mount a Power Steering system. This feature

has been integrated with other design and engineering advances to produce exceptionally well-balanced cornering

performance that has won the APEX high acclaim in the market. In this report we introduce the 2012 model Power

Steering equipped RSVector and the measures taken to develop on the new standard of snowmobile handling achieved

by the 2011 model APEX in order to promote the spread of power steering models. The result is a snowmobile that

can be ridden for long hours with minimum strain for an easier, more comfortable experience of light-handling riding

enjoyment.
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2011 FETFIVAIVI H—

G30A( BHAVIVETIV)

(gasoline engine, electromagnetic guidance system model)

W

The G17A TURFLINER golf car model (gasoline engine, electromagnetic guidance system model) released by Yamaha

Motor Co., Ltd. in 1996 received good response from the market for its effectiveness in reducing dependency on

caddy labor at golf courses and enabling self-service type golfing. Since then, Yamaha Motor has expanded its model

lineup with the G17E (72V electric motor, electromagnetic guidance system model) and the G15AP (gasoline engine,

automatic parking model) to answer a wider range of user needs.
The G30A released in 2004 as a full model update of the G17A expanded Yamaha Motor's market share thanks to

its three design concepts of providing “a comfortable mobility space,” “running performance that gives a sense of

assurance” and “outstanding reliability as a transporter.”

In this report we introduce the further improvements made in these three design areas for the 2011 model G30A.
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Developing the lightest 4-stroke outboard motor, F70A

T BT aune

Abstract

The introduction of emissions regulations in the USA from 1995 resulted in a period of major changes in the engines
of outboard motors. Those changes began with a shift from the carburetor type 2-stroke gasoline engines with their
compactness, lightness and simple structure to intake duct fuel-injected 2-stroke gasoline engines and later to direct
[combustion chamber] fuel-injected 2-stroke engines. Then came the shift from 2-strokes to today's mainstream
4-stroke carbureted gasoline engines. Now the shift continues as 4-stroke carbureted gasoline engines are being
replaced by intake [duct] fuel-injected 4-stroke gasoline engines.

These changes have brought major improvements in the areas of cleaner emissions and better fuel economy, but they
have also increased the weight and cost of outboard engines and made it very difficult to avoid sacrificing the benefits
of light weight and simple structure that were the original advantage and appeal of outboard motors. Today, Yamaha
Motor Co., Ltd. is involved in ongoing efforts to develop a second generation of 4-stroke outboard motors that revive
those original advantages of the outboard.

In this report we discuss the development of the mid-sized model F70A that follows the large-displacement V-Max

SHO series as the lightest model in its class.
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Developing the lightest 4-stroke outboard motor, F70A
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EXULT36 & S-QUALO D& S4BA

Product introductions for the EXULT 36 and S-QUALO

A boat is the only type of vehicle or vessel that must run through the boundary layers of both water and air. For that

reason, a high-level integration of design and performance elements in the product creation process is a prerequisite

for building quality products.

Product development employing 3D tools is entering its mature stage and recent years have seen dramatic advances

in 3D design, engineering, calculations, mold processing and the overall precision and freedom of product creation.
Amid this trend, right-left halved molds based on the Yamaha Integrated Body (Y.LB.) concept have led to the birth of

new devices that integrate into the overall design (styling) appearance.

In this report we introduce two models of different sizes and categories that were born of this same concept and

succeeded in bring Yamaha “Japan Boat of the Year” awards in two successive years. They are the EXULT36 released
in October of 2009 and the S-QUALO released in October of 2010.

3 Lol

R—=REWVIFOYNIIKE TR DB e 2 L S ME— DD
WTH % MTR—F DD Z DTV AV EMEREN FRITT
A 5ZENED ROBLTZ D35 A TOhiifeE Vb N T
W3,

SR — )V O T B E B 250 2 WE5 TlE 3D

TOTHA Y et SRR M LD DD DREER
HHEDMRIBEICEE->TETVS,
ZOXIBEEROP YIB.(YINAVTTL—T v R
T AT MK B LA BADE—IVRETI A L
DEBITMAHH LT NA ZE LR UG T2 E >0 T
Eolz,

PAZXRAT IV =3B EZ0 [[W—Dare s Mk
TRAEL. 2HEEFHTHAR— AT ALY —KEOZHIC
5722009410735 DEXULT36£20104E 10 A 352D
S-QUALOD2ET VAT .

EXULT3

2-1. FRDES
AR EN TR BRI O~ — i DA R L
FeAR—FTHAZW TR T AZAIVAELELTETEL. Y
Oy 7 —Y— NVF I —P—b -k 2iia<) T L
AT LDZETINVDZ—AHEZITETV S,
FNERFIC, EME<—Ty M RELRMEZ RE 1%
EDZ—RE, ELWT YA RN A D&

6DIBAh

Vo lefiicERIEEN TV,

WHE T N—=F TIVETIVEVS AV FHIDICREE
N3, T4w TP Lc R—= DT A > Fy 7 iE
FoTWwies0n yar 7)) ——ROETF )N ZH->T
Teinote, FORER, i At 72 SIC B R ZIRE T8 5 XKL
EoTWiz,

2-2. RAROEV

ARFEE YN T ATy T 2o TR0 ATIY —
ISR UT AL —#z2 i, 5 XTImO A 71>
CUBOM R R T BN T A=V AZFDET NV ERAT
HTeZHEL. LU FORIRZEH -T2,

1 R=FENR—=LLTOYINT T2 ROFHEE )
TVFVIT4—DOHEBUL, ZERHHETE S0 DAIE)

29 IN——DTA Iy TREEICK D ERET
FOPHOAFREE Y I AREKOHEK

2-3. FEHERT
TEXULT36 D25z R 1, AN ZK TR,

2-4. ETIVOBELHFER

[Design Impact ], [Originality |, [Easy & Comfortable ]
ZF—T— I, RIVFROR— OERMNE Z b, 7
FTORWEIIN—I 2 TEEBAADIE A—FTTTT
IRE72 ROV T E 5. Fi Al o st 2 X - 72,

YAMAHA MOTOR TECHNICAL REVIEW

54



EXULT36 & S-QUALO D& S4BT

Product introductions for the EXULT 36 and S-QUALO
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EXULT36 & S-QUALO D& M/
oo Product introductions for the EXULT 36 and S-QUALO

| Yamaha Integrated Body
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Product introductions for the EXULT 36 and S-QUALO
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Product introductions for the EXULT 36 and S-QUALO
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Product introductions for the EXULT 36 and S-QUALO
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The WaveRunner VX Series
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Abstract

The VX series of Yamaha Motor Company's personal watercraft (hereafter PWC) consists of VX models powered by

a 1100cc engine and VXR models powered by a 1800cc engine. The models of this series are currently best sellers

among the models available today in the North American PWC market. The product concept for the VX models

emphasizes “assurance” while the VXR model concept is “exhilaration of riding,” and although they share the same

boat body, the difference in their ride is apparent to any rider. In this report we discuss the development process that

succeeded in achieving completely different development goals for the VX and VXR models while meeting the difficult

prerequisite of using the same hull shape (see figures 1-1, 1-2) with its direct influence on boat size and performance.
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The WaveRunner VX Series

o

ARr) s

X2 fHAEICET HERMmBY

YOFM, Z U TS TR DA T E B ELRYERED 2
,&T&OTCO

PEaERa3E

WE 7LD 575 % BRMEREZ i E S8 5 7= DK T L —
P ARV U ARG BEIOWTIARNREE Lz,

VXRTRIE T L—F R AR U ERFE TR0 LTz
BEARA—=Y L TREL TV,

VXRARTIRZENSZANTES>TT A2 %> TS
MiZzA A=Y L TW05,

CNUCED WET IV DO REZEE BN CT RO EE
FPIXE TS,

T 1/ —
AREFLOFFA VRIS, 70 127 M b THilk
2 HDmi % T THIn Uz S NSRS e, X —4
R =Y —ESWET IV OE—HEAFIFE TH BT, VXD
AEAV Y T AL BB BIC BT >TIEVXR/VXSDF
PA U ERUBRBHEDE BN T2, ZDBROVXR/
VXST YA VBHFE T, CGKELEL, 7Y 2V T A F L Dl
T3DT—2EHAL MAEIC) T IVEA LL Y R S—7 1]
FBILICKo T, HE, Beffr, BHER G il 4 & O
CAVRTITAT TP A IURNRRAATH T L VT

Bolee TOWR ATy FMET AL I aVIREETDOK
M VEE AR O e 7 LA T T IVEEERE DSR2 X
BT EMTE oo T AT NG 5T S RIFEI Y D
TTHA VA A=IDHEINTORIEEZDHED—D

TH%.

X3

1 DB 22D T/
SEIOMFET B AT AV BEDESI2DDIY I
7 [FICHEARICERKR T B LA T T MR KOMETH - T,

YAMAHA MOTOR TECHNICAL REVIEW




WaveRunnerVX 1) —X

S wior

LBV — XD A X iR K D —[n1 D/
AN

VXRITHEH & DPER = 1100ccD LYY/ IE MR-1&
MENTSRDFXN) —AD LY Y NSk %, —/7VXR
RITHEROPFRF1800ccOD LY YV IE HOVY— XD IV
JVUBR=ATHD, TV DRI T8 K EL RS,
LIFOELUTIRT,

NSOV IV LATY MEER, —RNER—TDRE
T THNUILLINA S TIEH S D, PWCH XS ITIEHF 1/
DOHEAREEIC BN TI2DDREZ T VY 2[RI UHEHAICEE
9B T LGRS HIEF I LTz,

HEMUH. ITLAETIVOBWEERBS Ty Y VIR Z
AR BRICCADZEFREL LA 7O Mg BT eIc kD, g
IS B H I REIC IR > T2, (M4)

COMERETIE G IE AR EZ R L T LTI, BiFH
UE DM TFE D Itz AT Z T IV AL S SR
DLAT T N % T 208N H - Foo RIS, PWCHMERIR
BTOLATUNTHZE0E BAHI T.L T, CADZH
ZIX LRI A TR ATRE T H B, LA LIRS, PWCD
SEEREPEIC S A2 7K 1T oD oD 1B <0 w3 fig el L IREIS UK
L1808V oK DB LIS R EEME T 20 E LD
%o Z DTDITIE, FE I O TR D B Bl hh iRy

The WaveRunner VX Series

RICEB XL AT T FORHADROBESNTHD, Thicid

D IS FRBRE TN DIEOIERR D ZD B ELE ENT NS,
VXZRDRE BEEOHFZ LESmE
EF=IVRATAIE R DERKA

VXRTHENTREHFEHATH 5 HIEONFZ Lel%
i B DRERR I DT R DFFICB N TEN TR ALK
HiEh SO  HHEER OB Z iR T 2D 4RGN,
HiaHME OIS E S FTOT LR E L #me Hialz, iz,
A IS T 8572 SIS % 5 — E AEBM e R ImI 0T T L L
Ca—Z@ U ChEmN LifEiz il i-ceid 55Tk
W,

FERIPI T, i TOL Y 2V F % AT, FBEKIB]
HINC JE 2 O R BUR O KRB D W R AR A
Fefii LTz, COFRER R 2R LIS T — R\ 79 %
FIZKD BRI ENTAREANO G E R ITHE O 5E
WNTE,

WS V=T TR E N FIGE) 2R ICHEEL TV 5,
ISR E LB EE RIFUL R WENANDIKADIZD
WG 2 B8 TR > T BRI FEBRICHUE L TUO A IEANIC
T AN AT BB LTS 2B TR H T KD AR

B i 1749 BOX Y B N DT
1100cc TPV | AfEHS | BRHS I 2DV DHEIlCEE =
1800cc TV | BRDS | RS | TVIVOEREAICERE EL
21 IUIVOILEMEE

1

YAMAHA MOTOR TECHNICAL REVIEW

65



WaveRunnerVX 1) —X

S wior

ZWAMICHER L, Z D/KO— X TEHLEICIHS L TOLTE
B TiaoTc, TOXIICHM DL DRIHHAAD i
SO EFHIC D&MD, T#E OWIFRHIZ B2 shE DE
JRIDIEEN 1 £75>T0 %,

VXRZ DBAF 2GR R ol
VXRZRIIHOHC TR TR ) 2B ORI TH S,
FRELUTPWCIC RS TIHON S TR PUE ) D KBRICIE TS
NZET I ER 572, 201048 F D FEL LIRS, XFEEE
GRERMTON O BEMO M, I A TN B
BhROF Z NSz HEIFFICERIHIZ W IZ D0 TWVWa, T
TUIREA OV =T 3N VT A F OREER) & ERiBRET
HHA LTV 3 ESMCH ONANO XCEL(F/ 7))
ZRHLICLITREINT 2 HEHEE KWV BEHEL  FH T
HBFSTHRIR DERDI-HDEDITHKD I/ MRICLT
W5, INSICKOfEAD e HE %2 330kg LA M ICHIA HY
BIUADRN LoD UTzEnl 2135 n s 2 eic Lz,
330kel i3 Ytk DH 2 LAKERELDE50kedFOERNTLEIC
152%, ET-VXRTRHIRETOI ATy T 7w 7T —b & i
ZORDLFRPERBIMERETOB, VXSTRATY T 7T
—MIRRRE) T A RI TN SD T UL, K0 @5
NOLy YR UTz FABREICE O Z ISR, I
T LTERED/K ETONEE) ) I3 EDICEHZ N AR
ET VORI LT N THBFeo TR JIFHMML2
BMRCSNZIGHED S HEL U TR TEZEEZ TV S,

AFRLIFE T ———

VX = RDOREERGEATIE L ROl TH %,

3E 2% | 25 [BARRER
3.27m
1.17m | 1.16m 34
(—8F 3.22m DS Y)
%2 HEOMLRET
EEEE | TUU PEE | BaHE
wz |43kl RO SMC
n CC
(I £ B)
327 ~ 330kg
VXR % 1812 cc NANO XCEL
(I £ B)

&3 BETIOMLKREET

The WaveRunner VX Series

HBHYlc C—

PWCOBHFEE & Z DR /0 B U CBIFEICHU O
BTEDETHY, ZDTDITIZHBITHT BT TDOH
BENBEMHSIERICZ O, L LEHD— /5 TIZFPWCIC R
HTLICED FOIELE IR FTH R EENEES
NTLEHITEEH B, HALIFTDRLEIHhSEEN DR,
HHRPDL LD NITHREL T ETZNEEZ TV S, Z L
T ABBVXS) =AW ETFIVOELEZREEC T BH
BRICEB 2 5 25N BRI ED IS T F—L—Hhexbh
BHLUTLFETH %,

mEE

. | e L
L e b | h’ m—
rRf M KT B 8K B
Mitsuyoshi Nakamura Tetsuya Mashiko Satoru Suzuki
U HIEARER U HEARL UV HIEARS
WVEHZESR WV WVEHZEER

BHFEAR

FHFENT BHFEAR

e "ql-x
_."‘ - "
LA & HHEH
Hisashi Yamamoto Tatsuya Yoshida
GKiL#B NV RS
WVHEE

FHFEER

YAMAHA MOTOR TECHNICAL REVIEW




“EwiRie Y A 7 LORFE
5 (BEN _SWEOEEETHRICH VT SR E )

- WEEREE Motorcycle steering system development (evaluation of motorcycle stability at low speeds)
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Abstract
One of the important issues involved in increasing the efficiency of motorcycle development is the ability to make
quantitative evaluations of steering performance and machine stability, and it is a well-known fact that in the case of

[1]

a motorcycle stability decreases at both low speeds and high speeds'™. Of the two, stability in straight-line forward

motion at high speeds has long been the subject of both theoretical and experimental analysis and quantitative

evaluation methods have been developed and put to use in motorcycle development (21131

It is also known that running stability decreases at extreme low speeds and it has been proven that changes in caster
angle and trail length will change the machine’ s stability characteristics in extreme low-speed running simulating a

single-beam bridge run.

Meanwhile, there has also been research in the area of motorcycle steering mechanisms with the aim of achieving
higher levels of handling performance and stability and it is now known that applying a steering angle to the rear

wheel has an effect on both the handling performance and stability of a motorcycle 5], This fact has led to the hope of

using such mechanisms to improve machine stability at low speeds.

In this paper we report on a research project in which we took into account past research results on motorcycle
motion characteristics and proposed a new motorcycle steering mechanism that takes in past studies and evaluated it
for machine characteristics particularly with regard to stability in straight-line forward motion based on test results
involving different steering angles in the front and rear wheels with compensation for differences in equivalent caster

angle and trail length.
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Motorcycle steering system development (evaluation of motorcycle stability at low speeds)
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Motorcycle steering system development (evaluation of motorcycle stability at low speeds)
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Development of Shift Dynamic Simulation for Rubber V-belt CVT
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Abstract

A simulation model has been developed for predicting variable speed characteristics based on design specifications
for a V-belt type continuously variable transmission(CVT) of the type commonly used on smaller commuter-use
powered two-wheeled vehicles. We found that a simulation model that includes thrust force variation produced
by driving torque and elongation and compressive deformation of the V-belt, makes it possible to predict variable
speed characteristics during full-throttle acceleration with a high degree of accuracy. We also were able to use this
simulation model to calculate variable speed characteristics during normal driving pattern and mid-speed acceleration,
thus making it possible to employ this simulation model to evaluate transmission performance characteristics in a

variety of driving patterns during the design stage of vehicle development.
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Prediction of Fuel Consumption with Vehicle Driving Cycle Simulation
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Abstract

As demand for vehicles with better fuel economy continues to grow in the marketplace, there is a need for accurate
prediction of a vehicle's fuel consumption in the early stage of the product development process. Vehicle driving
cycle simulations are one such method that combines a vehicle model composed of vehicle specifications and engine
characteristics with a driver model that simulates vehicle operation based on driving patterns in order to calculate
acceleration performance, fuel consumption and emissions.

This report presents an application of a vehicle driving cycle simulation for transmissions: a manual transmission (MT)
and a continuously variable transmission (CVT). The calculation uses a driver controlled model that is based on PID
control and is built up with MATLAB and SIMULINK environment.

The simulation results were then compared with actual running test data to verify the simulation model's viability for
practical use in the vehicle development process as a means for evaluating/predicting fuel consumption and analyzing

frequency of engine use.
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Analysis of Port Injected Fuel Spray Under Cross
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Abstract

In a motorcycle gasoline engine, the port fuel injection system is rapidly spread. Compared to an automotive engine,
the injected fuel does not impinge on the intake valve due to space restriction to install the injector. In addition, as
the air flow inside the intake pipe may become very fast and has large cycle-to-cycle variation, it is not well found
how the injector should be installed in the intake pipe to prepare "good" fuel-air mixture inside the intake pipe. In
this study, the formation process of the fuel-air mixture is measured by using ILIDS system that is a 2-D droplets'size
and velocity measurement system with high spatial resolution. Experiments with changing conditions such as flow
speed and injection direction are carried out. As a result, the effects of injection direction, ambient flow speed and
wall roughness on the fuel-air mixture formation process was examined, considering the three conditions of cold start,

light to medium load operation and high load operation.

ful h i 1 1
INTRODUCTION are useful, but the accuracy is not evaluated and also

detailed experimental study has been scarcely made!!l.

The fuel supply system of a gasoline engine for
motorcycles is getting common to use the port fuel
injection system. This system is basically the same as  Thereby, in this study, the spray characteristics injected
of a passenger car, but due to the space restriction, —upstream the intake valves are investigated by using a
the injected fuel does not impinge on the intake valve  transparent duct to allow optical access. An improved
as the injector is located at upstream position. This  ILIDS (Interferometric Laser Imaging for Droplet Sizing)
difference may cause worse characteristics such as slow method that can measure the velocity and diameter
vaporization since the surface of intake valve is hot, long ~ of spherical droplets on a plane, PDA (Phase Doppler
time response and also fuel attachment on the intake  Analysis) method that can measure the velocity and
pipe wall while it does good characteristics such as high ~ diameter of a spherical droplet in a small measurement
degree of freedom in injector installation. The worse  volume and also laser tomography on a plane are applied.
characteristics may be recovered by optimizing the = Experiments with changing conditions such as flow

injector settings. For this process, numerical simulations ~ speed and injection direction are carried out using these
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techniques. As a result, the effects of injection direction,
ambient flow speed and wall roughness on the fuel-air
mixture formation process were examined, considering
the three conditions of cold start, light to medium load

operation and high load operation.

EXPERIMENTALLARRARALUS
MEASUREMENT DEVICE

Figure 1 shows the schematic of experimental apparatus
including ILIDS optics. Details of ILIDS are already
described in the author's previous papers[2’4]. An acrylic
passage with a square cross-section of 20 x 20 mm was
used. To make a flow inside the passage, a blower was

installed with a laminar flow meter.

r
* 1l

Fig. 1 Experimental apparatus of spray using ILIDS

A port fuel injector with four holes, spray angle of
5 degrees and volume flow rate of 145 cc/min was
employed using n-heptane as a fuel and injection
pressure was set at 0.3 MPa as a standard condition. The
injection direction was changed from -60 to 60 degrees
as illustrated in Fig. 2. Laser sheet was inserted into the
passage from backward. The scattered light was detected
with an angle of 73 degrees using a high speed video
camera (Photoron FASTCAM APX-RS, 10 bit, 1024x1024,
3000 fps). As the laser source, a high-frequency double-
pulse Nd-YLF laser (Newwave research, 527 nm, 10 m]J/
pulse, 1500 double pulses/s) was used. PDA system
(Dantec DualPDA) was also employed using an Ar-ion
laser (488/514.5 nm, 4W) as shown in Fig. 3.

Analysis of Port Injected Fuel Spray Under Cross Wind Using 2-D Measurement Techniques
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Fig. 2 Definition of injection direction to the flow

Fig. 3 Experimental apparatus of spray using PDA

PRELIMINARY MEASURED RESULTS

Figure 4 indicates the operation timing of devices. The
first and second pulses of a double-pulsed laser are
respectively defined as LASER1 and LASER2. The frame
signal of the high-speed video camera was used as the

standard clock.

The gas velocity inside the passage was measured using
a 2D-LDV system along the passage and across the
passage at the injector location. The measurement points
are indicated in Fig. 5. The horizontal mean velocity at
medium flow velocity condition is shown in Fig. 6. At
each point, both the horizontal and vertical velocities
were simultaneously measured. Along the passage, the
mean horizontal velocity was almost constant around 55
m/s and the mean vertical velocity was almost zero. In
both high and low flow velocity conditions, the speed was
around 72 and 20 m/s, respectively. On the cross section,
velocity was nearly homogeneous and the boundary

layer thickness was found less than 2.5 mm.
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The spray characteristics in atmospheric condition
" Injection duration ' were measured first. Two kinds of fuel (n-heptane and
! £f ; ) .
— 1T | CCF) were used. The spray profile was taken by using
: a high-speed video camera in 10000 fps with 1/92000
camera ¢ | i I i I s exposure time. The results are shown in Fig. 7. The
K a0 Laha !
! 'H A diameter and velocity of droplets on a 2D area were
T an . I measured using ILIDS system. The measurement was
‘ iop made with two injection pressures of 0.25 and 0.3 MPa.
LasER it I [ ! P
k daT
z n-heptane CCF
H Hrn-.-
Fig. 4 Timing chart for experiments Pinj=0.30 Pinj=0.25 Pinj=0.30 Pinj=0.25[MPa]

1.0 [ms SOI]
Fig.5 LDV measurement locations
B0
3.0 [ms SOI]
Fig. 7 High-speed photograph of spray for comparison of
55 fuel and Injection pressure
o The probability function of droplets diameter in number
-1000 -500 000 500  10.00 P Y P
¥ [mm) density and volume density are shown in Fig. 8. SMD
80 (Sauter Mean Diameter) increases along the spray axis
- as only spherical droplets can be measured and ligament
"-E= exits upstream. Figure 9 shows SMD values along the
:_- 55 cr///‘m‘a_ﬁ’ spray axis for both injection pressure of 0.25 and 0.3
o MPa. CCF shows larger SMD values as its surface tension
50 is larger than of n-heptane, leading to lower Weber
=10.00 =5.00 000 5.00 10,00

number and breakup is suppressed.

Z [mm]

Fig. 6 LDV measured mean velocity
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Fig. 9 SMD values along the spray axis
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FEATURES OF ILIDS

ILIDS has features of simultaneous measurement of every
droplet on 2-D plane while the measurement limit of
small droplet size is around 10 pm and measurement is
difficult in a dense spray. Thereby, the spatial resolution
is better than of PDA while temporal resolution is
not so good as of PDA. However, as ILIDS can detect
instantaneous spray characteristics that cannot be
realized by PDA, it is favorable to see the cycle-to-cycle
variation of spray.

Figure 10 shows a comparison of correlation of droplet
diameter and velocity between ILIDS and PDA near the
spray tip in a quiescent condition shown in lower Fig. 7.
Because ILIDS has a wide measurement area of 10 x 10
mm, PDA was carried out at three points and all results
are plotted together. Except for the difference in small
droplet region, the profile is similar to each other. This
is probably due to that small droplets easily follow to
the ambient flow which causes cycle-to-cycle variation of
spray and that small droplets less than 10 g m cannot be
detected by ILIDS. Thereby, ILIDS is convenient to see the

area-averaged information.

RESULTS AND.DISCUSSION.ORSRRAYWITHCROSSWIND
ILIDS MEASUREMENT

Figure 11 shows tomograms of spray in different

injection directions and ambient flow speeds of 20 and
72 m/s. Figure 12 shows the temporal variations of SMD
in area (a) near injector. Area (a) is 10 x 10 mm and the
center is located at X =-10 mm, Z = 5 mm. X axis is along
the flow and its zero position is the injection position. Z
axis is vertical direction and its zero position is also the

injection position.
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Fig. 11 Spray tomograms of different flow speeds and
injection directions
(Square area indicates area (a))

With injection directions of 45 or 60 degrees, SMD
shows smaller values with high ambient flow than with
low ambient flow. For this reason, secondary breakup
is enhanced in high flow conditions as Weber number,
defined by Eq.(1), becomes large as the relative velocity
between droplets and ambient gas is large in these

conditions™",

0, AV *d
We =————

. (1)
Here, pg is gas density, AV relative velocity between
droplet and ambient gas and o surface tension.

With injection directions of -45 or -60 degrees, SMD

shows larger values with high ambient flow than with low
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ambient flow. For this reason, the effect of classification  droplet diameter. A strong classification can be found in
brings larger droplets to this area. To see the effect of the condition of high speed flow with injection direction
classification, Fig 15 shows the diameter distribution of  of 0 and 60 degrees. ILIDS has such a feature to show
droplets in each measurement area. In this figure, three  droplet diameter distribution in an area and then, it is
graphs are shown in each injection direction; left-top isa  very useful to see the effect of interference of droplets
tomogram of the spray, left-down shows locally averaged  motion (ILIDS also measures each droplet's velocity).

SMD value along the vertical (Z) axis, and right-down  Figure 13 shows the temporal variations of SMD in area
shows droplet diameter distribution in the measurement  (b) near injector and near lower wall. (X =-10 mm, Z= 15

area where each diameter of circle indicates the local ~mm) Except for injection direction of 60 degrees, SMD

YAMAHA MOTOR TECHNICAL REVIEW
92




Analysis of Port Injected Fuel Spray Under Cross Wind Using 2-D Measurement Techniques

;’Z

L] 1
T !_ ] ™
1 il & | - L .. 1 I.
i | - +:*I.:'|+£'. 2 i s | !-‘ e
. i Iy r e al
L L]
o L - - - - - I i H id Ak dk T ki
o B N 8 N W » W N B 8 B W W Ll [

Odeg

.-‘- L
= - Em
1

@ - Rk & N
>
]
}Eim
e
o b
by
B ow omow @
i i
|
E
A ey
i EE
4

e

Al AF BF THE KN

: I.: ol | - "= L 5 ] L] : '.: J; é ; 'I:E ; ;b Ll
D ] ST [
. .
& 020 [um] = LN = g i, . e I_.I . i T AR B
& 21=40 [m] [ * i 1 , Ha e L]
& 150 [um] ;: Tl I : .
001-80 [m) § e i . i
il T I S ————— Tmk —————a "u u o ow
@ 101-120 [um R om oW W W W OB N WM W W il ]
®121-140 [umy, Fired e ko e gl Bt P
| High Speed Flow (72m/s)| Low Speed Flow (20m/s) s P

Fig. 15 Diameter distribution of droplets in each measurement area at different conditions
(left-top: tomogram of the spray, left-down: locally averaged SMD value along Z axis, right-down: droplet
diameter distribution in each area where each circle's size indicates droplet's size)

shows smaller values with low ambient flow than with  Figure 16 shows temporal variations of droplets
high ambient flow that is different to the result of area  diameter distribution in area (b) with injection angle of
(a). Seeing the tomogram, much spray droplets impinge -60 degrees. As time elapses, the probability of small

onto the lower wall with low speed flow. Thereby, droplet ~ droplet around 20 pm reduces while that of large

breakup is enhanced by the impingement and this is  droplet increases. This means that large droplets come in

quite effective for low speed conditions. the area with delayed time.
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Fig. 16 Temporal variations of droplet diameter distribution in area (b) with injection direction of -60 degrees
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&0 Here, the difference of SMD value in measurement
50 areas of (a), (b) and (d) is examined. Area (d) is not a
E 40 fixed position, but the location is just advanced where
_ - spray impinges. Figure 14 shows the comparison amon,
60deg =, Ao i) pray impinges. Figure 14 shows th pari g
"'EE the three areas with low ambient flow. With injection
20 ; directions of -60 and -45 degrees, SMD of area (d) shows
&0
the largest due to the classification effect while with 45
'E'm and 60 degrees, it shows the smallest due to the wall
=T 0] — impingement effect.
-45 deg gw - Awa (1)
= fawa [b] . , .
20 = At [E] Figure 17 shows the difference of SMD value in the
80 measurement areas of (a), (b) and (c) at high ambient
flow conditions. The area (c) is not a fixed position, but
50
= the location is far away from the nozzle. As a result, SMD
sS40 of area (a), (c) and (b) almost increases in the order.
N 3 ot C2e
20 f - i Next, the difference of ambient flow was examined at
B0 area (a) in Fig. 18. With injection directions of -60 and
50 //“"-VA»A-\/ 0 degrees, SMD distribution with high ambient flow
E-ﬂl is wider than with low flow as most droplets pass into
45 de g this area. Meanwhile, droplet size distribution with
g - Area (4] low ambient flow is not so wide as larger droplets
20 concentrate near the lower wall due to the classification
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and do not pass into this area.

Figure 19 shows droplets size distribution in low ambient
flow with injection directions of 45 and 60 degrees
at areas of (a) and (d). In area (d), large droplet part
disappears because wall impingement enhances droplet

breakup.

WALL ROUGHNESS EFFECT

The effect of wall roughness was examined by changing
a smooth plate to a rough plate of the lower wall. Figure
20 shows the temporal variation of SMD value in area (c)
ambient flow. Slightly smaller SMD was found with rough
wall. This means that some droplets must impinge on the
wall and breakup occurs or big droplets attach on the

wall.

Figure 21 shows results in area (d) with low ambient
flow. Except for the injection direction of -60 degrees,
much difference in SMD was not found. It is interesting
that although wall impingement is certainly affective
in low ambient speed conditions, the wall roughness
seems not so affective. For this reason, according to
the tomogram, most droplets seem not to impinge on
and reflect from the wall because scattering light is not
observed. This causes many droplets to attach on the

wall, especially for rough surface wall.

2 E B

BN [pm)
]

E B2

SMD [pm]
-]

E 82 B

O deg

10 18 5B TO RO 1@
ASOH [

2

BMD [m]
]

smooth surface
= rough surface

Fig. 20 Temporal variation of SMD value in area (c) with
high ambient flow
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OPTIMIZED INJECTOR SETTINGS

The role of spray characteristics changes depending
on the engine status. Here, cold start, light to medium
load operation and high load condition are examined.
At cold start state, a preparation of homogeneously well
vaporized fuel-air mixture is required. To achieve this,
atomization is quite important as small droplets have
large surface area and enhance vaporization. Above
results show that the injection direction, ambient flow
velocity and wall impingement affect the atomization.
At cold start condition, as the engine load is not so high,
the flow velocity is low. Thereby, atomization can be
enhanced by wall impingement, especially with injection
direction around O degree. Increasing the injection

degree may cause worse atomization.

At light to medium load operation, response to the
demand is important. The flow velocity changes between
low and high velocity. Fuel response is good with

injection direction at around +60 degrees.

|
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E B 28 ¥
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Fig. 21 Temporal variation of SMD value in area (d) with
low ambient flow
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At high load condition, control of knocking is very
important. Thereby, homogeneous mixture and cooled
mixture are favorable. In this condition, as the flow
velocity is high and turbulence diffusivity is also high,
fuel should be injected following the flow with injection
direction around +45 degrees. Atomization need not be
enhanced because introducing large fuel droplets into
the cylinder can reduce the mixture temperature during
compression stroke due to the vaporization heat supplied
by the ambient in-cylinder gas. Meanwhile, when fuel is
injected against the flow direction with minus injection
degrees, the atomization is much enhanced. To reduce
knocking, preparing homogeneous fuel-air mixture is
required. Thereby, the appropriate injection angle should
be determined by performing engine performance tests.

As a result, when only one injector is used, the injection
direction should be set around +45 degrees to cover
the above three conditions. However, if two injectors
are available, one injector for low load should be set
at 0 degree while the other one for high load may be
set at +60 or -60 degrees, depending on the knocking

tolerance.

CONCLUSIONS

In order to measure the spray characteristics, such as

the diameter and velocity of each droplet in a 2D area
simultaneously, an improved ILIDS method was applied
to a spray using a square duct, simulating an intake
pipe of a motorcycle port fuel injection engine. ILIDS
method was found convenient to see the area-averaged
information whereas information on small droplets less
than 10 pm is not available. The measured data are
useful to evaluate the numerical simulation models.
Also, experimental analyses deduced the following

conclusions.

(1) When the ambient flow speed is high, most droplets
of a spray do not impinge on the wall, but when the flow
speed is low, some or most droplets impinge on the wall
and then being convected by the flow. This difference
causes different atomization characteristics at the intake

port far downstream.

Analysis of Port Injected Fuel Spray Under Cross Wind Using 2-D Measurement Techniques

(2) In the upstream region, due to the difference of the
locally relative velocity between the ambient flow and
the droplet, when the injection is made to the same
direction of the flow, SMD of droplets becomes small
with high flow velocity compared to with low flow
velocity. Moreover, SMD takes large value with high
ambient flow when the injection is made to the same
direction compared to the opposite direction conditions.
Meanwhile, when the injection is made to the opposite
direction, SMD takes large value with a high ambient
flow compared to with a low flow due to the effect of

classification.

(3) In the downstream region, the droplet size shows
smaller value when the flow velocity is low. This is
probably due to that the effect of wall impingement is
more dominant than of breakup by the ambient flow.
Meanwhile, when fuel is injected against the flow, SMD

becomes large with time.

(4) The effect of wall impingement was examined using
different surface roughness plates. As a result, a rough
wall showed slightly enhanced atomization in most
conditions. For this reason, breakup is enhanced by the
impingement and also big droplets adhere on the wall.
When the flow is slow, a large difference in SMD was

found at injection direction of -60 degrees.

(5) Through the whole study, when only one injector is
used, the injection direction should be set around +45
degrees to cover the three conditions of cold start, light
to medium load operation and high load operation.
However, if two injectors are available, one injector for
low load should be set at O degree while the other one for
high load may be set at +60 or -60 degrees, depending

on the knocking tolerance.
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Special manufacturing system for LEXUS LFA super sport 1LR-GUE engine
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1)1+ SE = Simultaneous Engineering

Abstract

Beginning with its first collaboration in manufacturing the Toyota 2000GT, Yamaha Motor Co., Ltd. (hereafter “the
Company” ) has engaged in the joint development and manufacturing of a lot of automobile engines under the
leadership of Toyota Motor Corporation. As the latest in this long series of projects, the Company's Automotive
Manufacturing Division is manufacturing the 1LR-GUE (hereafter “1LR” ) for the Lexus brand's super sports car, the
Lexus LFA.

Since this engine is to be manufactured in extremely small lots totaling 500 engines over two years, the quality levels
demanded in this high value-added product are also extremely high. To achieve the high levels of quality demanded
in manufacturing this engine, the Company has established a cell manufacturing process to produce one engine
a day with “100% quality production”. This involves implementing “SE” (simultaneous engineering) activities that
systematically integrate engine engineering, manufacturing engineering and production people to create conditions
that achieve and maintain a consistent 100% quality level (no defective parts) throughout the casting, machining and
assembly processes.

In this report we summarize the activities taken to achieve this type of high-quality manufacturing for the extremely

small-lot production of 1LR engines with a particular focus on cylinder head machining and engine assembly.
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Technology for shortening cycle time in low-pressure casting

ﬁ ﬁ:j i HREE i JME =6

5

AR, A HDE— 2 —T 1 7L (LR MCEIE IO Tl HIERERBE OB SCOHIR. VYA 2L D EARD S
NBRTIVT AN EDEOTIVIEEDMHEIELE> TS Y TEI I VMR 7 L— LB W T &G HE
FHEED @77V 28558 O EER eI 5 5,

—J7TlE. 2008 T o Tz (IS RAE O M S OsgBUC K0 7))L I BRGSO 4 pE a0 A MKk R > T
W5, ARGHFETlLE RSSO FEEA GRS 2T &8 % 2 LI KO B RIE 2 Wb AREFF S OV A V)V 2 A LSz T
HEICOWTHE S 5.

Abstract

The need to reduce CO2 emissions and improve recyclability for environmental reasons hassled to and increased use
of lightweight, highly recyclable aluminum alloys in automobiles and motorcycles in recent years. At Yamaha Motor
Co., Ltd. as well, there is a trend to use cast aluminum parts increasingly in the engines and frames of our products for
these reasons and for the added freedom of design they offer.

At the same time, reducing the production cost for cast aluminum parts has become an important issue since the
2008 global economic crisis. Here we report on the development of a method to reduce cycle time in low-pressure

casting by reducing the temperature of the molten aluminum in order to speed up the solidification process.
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