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Abstract

Yamaha Motor's IM (Intelligent Machinery) Company is involved in the development,
marketing and service of the electrical component mounting systems (surface mounters, etc.)
for the manufacture of the printed circuit boards used in today's computers, cellular phones
and other electronic devices. As of 2005, Yamaha ships the largest unit volume of this mounter
equipment of any maker in the world, and just over 50% of this equipment is sold overseas.
Of these exports, 50% go to China, making it a very important market for us. In October 2004,
IM Company established a liaison office in the corporate headquarters of WKK Electroninc
Equipment Ltd., WKK China Ltd. and WKK Engineering Service Ltd.(WKK), our sales company
for the southern region of China. With this move we are strengthening our corporate support
of WKK in ways that will create a business system capable of quick and effective response to
the business opportunities in the so-called EMS (electronics manufacturing service) field. In this
report we introduce the status of IM Company's service activities for our mounter equipment,

taking the Chinese market as an example.
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Abstract

If you have visited China recently, you might be surprised by the number of electric
bicycles currently seen on the streets. It is said that over 6 million electric bicycles have been
manufactured in 2004. It becomes even more evident how large the Chinese electric bicycle
market is when compared to the annual demand of approximately 0.2 million electric assist
bicycles in Japan and 0.05 million in Europe.

Something to note is the fact that the Chinese market for electric bicycles has grown from an
annual demand of 0.01 million in 1997 to 6 million in 2004; 600-fold in only 7 years. China,
thereby, can be said to be the world's largest electric bicycle market from both a scale and
growth perspective.

This rapid market development cannot be explained without an understanding of Chinese
government regulation issues and social background. Therefore, this report attempts to give an
introduction into the rapidly-growing electric N :p-ge
bicycle market in China, primarily focusing on

the regulatory and social background.
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The made-in-China 2005 model motorcycle "YBR 125"
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Abstract

Yamaha began producing the motorcycle model YBR 125 in Brazil in March of 2000. Since
then, production has begun in China (Nov. 2002) and India (May 2004) and, despite slight
variations in the specifications, production of this same basic family motorcycle has continued to
expand to the point where a total of 830,000 units have been produced worldwide.

In the developing countries, 125 cm® motorcycles have been positioned simply as a means
of transportation. However, the YBR 125 is a model that has won the popular support of many
users because, in addition to the basic performance qualities necessary for a motorcycle as a
mere means of transportation, it has been designed and built with the aim of providing various
forms of added value, such as a low-vibration engine, good fuel economy and a more comfortable
and enjoyable ride.

China is a huge motorcycle market where domestic production is said to total about 12 million
units annual, with 125 cm® models being the most competitive category. In this report we

introduce the launch of the made-in-China YBR 125 model and the subsequent developments.
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Development and Manufacture of the Kids' Off-road Competition Model TT-R50E
R REME— =HE— A8

1 TT-R50E

Abstract

In North America there is an annual demand for about 220,000 off-road motorcycles, which
are divided into categories that allow users to begin as children with kid models and move up
to larger and more sophisticated models as they grow in age and body size. The "kid bikes" that
are the entry-level models for children are most often received as presents from their parents.
This first kid bike can thus become a teacher and a friend to the child. Yamaha Motor Co., Ltd.
has recently completed the development of the latest version of the kids' off-road competition
Model TT-R50E for the North American market. While this is an entry-level machine, it has been
designed with the concept of creating a machine that can be a "Best Teacher" for the child, being
equipped with features like a foot brake and a semi-automatic 3-speed transmission that make it
a satisfying machine to ride for kids with higher levels of riding skills as well. In developing this
bike, it was necessary to keep the price affordable and in a suitable price range to be given as a
present from parent to child as mentioned earlier. As one of the cost development measures for
this model, its production was moved to a Yamaha production base in China. The next important
focus of the development became how to keep a high level of product quality while reducing cost
in this way. In this report we look at the numerous issues that were dealt with to produce this
electric starter-equipped TT-R50E model at an overseas production base while achieving a low

retail price of just $1,149.
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Efforts to Improve Water Supply for Manufacturing in Indonesia
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Abstract

In order to contribute to the lives of our customers by improving the quality of the water
that is one of the most essential elements of daily life, Yamaha Motor Co., Ltd. (YMC) develops,
manufactures and markets water purifiers designed to provide clean water that people can use
with assurance in their daily lives, not only in Japan but also in Indonesia. In Indonesia, these
Yamaha water purifiers are used not only in households but also in a wide variety of places
such as restaurants, hospitals and factories. At the same time, we have succeeded in winning the
trust of our customers by supplying a unique comprehensive system of total customer support
based on "water analysis" unmatched by any competitor in the industry. This system begins with
analysis of client needs prior to installation and then goes on to include full post-installation
maintenance service.

In 1997, YMC established PT. Yamaha Motor Nuansa Indonesia (YMNI) in the Indonesian
capital, Jakarta. This company has since been engaged in the water purifier business aimed at
improving water quality in Indonesia as well as the other countries of Asia. The company's water
analysis laboratory is outfitted with equipment for analyzing not only water quality but also
heavy metals, bacteria and waste water, thus making it possible to conduct specialized analysis
in order to provide water purification methods that answer a wide variety of customer needs. In
this report we introduce efforts to improve water quality for manufacturing facilities based on

YMC's water quality analysis capabilities and purification technologies.
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Multipurpose Engines in the Chinese Market
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Abstract

The multipurpose engines of Yamaha Motor Co., Ltd. were formerly manufactured by the
group company SOQI Inc., but from July 2004, their production is gradually being shifted
to Yamaha Motor Taizhou O.P.E. Co., Ltd. (YMTO) in China. Located approximately 400 km
northwest of Shanghai, the mid-size city of Taizhou is one famous for its scenic beauty. Nearby
in the beautiful water region is Suzhou, the famous "city of gardens" that is registered as a
World Heritage, and the city of Wuxi. Some of the multipurpose engines manufactured here are
shipped to the Jiaxin-Soqi Power Products Co., LTD. in Fuzhou city, Fujian province, where they
are coupled with generator components to make Yamaha brand generators. These generators
and multipurpose engines were then marketed in China by Yamaha Motor (Shanghai) Trading
Co., Ltd. (YMST) and were exported abroad by Yamaha Motor Procurement (Shanghai) Co.,
Ltd. (YMPS). As of January 2006, however, YMPS has changed its name to Yamaha Motor
Commercial Trading (Shanghai) Co., Ltd. (YMCT) and has assumed responsibility for both the
domestic sales and exports of these products.

Under the title “Multipurpose engines in the Chinese Market,” this report presents a summary

of the multipurpose engines manufactured at YMTO and the status of the market for them.
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MZ125 MZ175 MZ250 MZ300 MZ360
Engine type 4-stroke,OHV,air-cooled,gasoline engine
Displacement(cm?®) 123 171 251 301 357
Max.horsepower(kW/rpm) 2.9/4,000 4.0/4,000 6.3/4,000 7.4/4,000 8.8/4,000
Rated horsepower(kW/rpm) 2.2/3,600 3.3/3,600 5.0/3,600 5.8/3,600 7.1/3,600
Noise level(dBA/7m) 71.7 73.2 74.6 749 78.2
Net weight(kg) 15.5 16 26 32 32
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Creating a 3D pre-operation verification type work process and
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Abstract

Y.E.C. Co., Ltd. was founded in 1980 as a technical design assistance company for Yamaha
Motor Co., Ltd. (YMC). Initially, the company's main activities involved technical assistance in
motorcycle and manufacturing facility development and information services (video filming,
editing). The company name at the time of its founding was Yamaha Engineering Co., Ltd. but,
as its corporate activities expanded, the name was changed to Y.E.C. in 1986. In July 2005 the
company celebrated the 25th anniversary of its founding. Since the company was established, it
has worked closely with many divisions and companies in the Yamaha Motor group, performing
a variety of jobs in fields almost too varied to mention. One of these is our manufacturing
technologies division, which got its start in 1986 in what was at the time a corner of YMC's 2"
Office Building (present Jubilo Iwata offices). In 1991, the division moved to its own Technical
Laboratory in the Tenryu district of Iwata, which it has continued to use as the base for its
activities for 15 years. Then, in April of 2005, the division moved to YMC's Manufacturing
Technology Center to carry on the mission of our Process Development division (former Factory
Automation Technology division) of contributing to the competitiveness of the YMC group as a
whole by creating and implementing new processes that incorporate everything from product
development to manufacturing. The name of the Factory Automation Technology division from
the Technical Laboratory days has now been changed to the Production Engineering Department
(PE Department). Its business activities include primarily the design, building and putting into
production of automated machinery for the assembly of engines, devices for the transport of
parts to the assembly lines, processing devices (pressurized valve-inserting equipment, pressure
reading devices), automated machinery for assembling electrical parts and casting equipment
for the YMC group. Looking to the future, we aim to further strengthen our working relationship
with YMC’ s Manufacturing Technology Center as we work toward increasing the competitive
advantage of the Yamaha Motor group in the area of manufacturing facility and equipment
technology development. In this report, we give a summary of our activities in the creation of
a 3D pre-operation verification type work process for the introduction of casting operations
at Yamaha manufacturing bases in Brazil, Indonesia, Thailand and Vietnam. A pre-operation
verification type work process is one that predicts the results of a work operation beforehand
so that unnecessary loss can be prevented by identifying potential problems from a logical

standpoint before entering production.
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2006 ASEAN Market Sporty Moped “T135”
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Abstract

After the period of economic depression following the ASEAN (Association of Southeast Asian
Nations) region's 1997 economic crisis, the ASEAN motorcycle market demand grew rapidly
after its initial losses along with the region's quick overall economic recovery and growth.
This growth in motorcycle demand for the four countries of Indonesia, Malaysia, Thailand
and Vietnam reached a level of 7.2 million units total in 2004. This represents a 30% growth
compared to 2002, and as income levels continue to increase in the region, it is expected that
this growth in demand will continue.

Within these market conditions, Yamaha suffered initially due to a late start in the shift
toward 4-stroke models. However, with the 2002 release of the strategic high added-value
4-stroke models Nouvo, T110 and Mio, as well as strategic AT (automatic transmission) models
released one after another, Yamaha succeeded in increasing its sales at a rate exceeding the
market growth rate.

In today's ASEAN market, the commuter bikes known as mopeds in the 100cm® to 125c¢m’
displacement range account for over 90% of the total market demand, while serving a variety
of user needs from daily transportation and commuting to commercial/utility uses. On the
other hand, the young people (24 and under) who make up the majority in the ASEAN region

markets have been asking for bikes with "a sportier ride," "new, more fashionable styling" and
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"higher performance engines." In light of this market background and needs, Yamaha used its
latest technologies in the development of the all new 2006 model "T135" under the concept of
a "Performal Moped" (a concept combining the roots of performance and formal) to appeal to
the mature moped user and the "hobby-oriented" user typified by younger users. The resulting
model offers a fusion of qualities including "the convenience of a moped," "sportiness" and
"hobby-oriented user appeal" along with "sporty, innovative new styling."

In this report we look at the development of this new ASEAN market model.
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o An "Auxiliary Drift-fishing System" for drift-fishing
ﬁ m m with an outboard motor
HEER HER

Abstract

Most pleasure-use boats in the domestic Japanese market are used for fishing. When Yamaha's
development team traveled around the market, we were surprised to see that a large majority
of the inboard motor type boats in the 27-ft. (8.2 m) class are equipped with spanker masts and
sails that are used to stabilize the boat in "drift fishing," a style of fishing where the boat is not
anchored but allowed to drift with the currents. It is said that boats mounting outboard motors
are not as well suited for drift fishing as inboard types, and that belief led us to want to develop a
drift-fishing system that would make outboard boats as good for drift fishing as inboard models.
That was the impetus that led to the start of the "Auxiliary Drift-fishing System" development
project. Yamaha Motor Co., Ltd. completed development of this system in the autumn of 2005
and applied it to our leading fishing boat model F.A.S.T. 26. This is the system we introduce in
this report. This system involves modifications to the hull shape in combination with a spanker
manufactured by Y's Gear and an auxiliary engine control unit. This system gives an outboard
powered boat outstanding wind-facing performance and slow-speed performance that is in no
way inferior to an inboard boat. This "wind-facing performance" means the capability to keep

the boat headed into the wind at all times, like a weather-vane.
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Unburned Gas Temperature Measurement
in an SI Engine Using Fiber-Optic Laser Interferometry

ARME EHRZ KEREZ RE—E

Abstract

A heterodyne interferometry system with a fiber-optic sensor was developed to measure the
temperature history of unburned gas in a spark-ignition(SI) engine. A polarization-preserving
fiber and metal mirror were used as the fiber-optic sensor to deliver the test beam to and from
the measurement region. This fiber-optic sensor can be assembled in an engine cylinder head
without a lot of improvements of an actual engine. Adjustment system in the sensor was revised
to face the distributed index lens with metal mirror. Before the flame arrived at the developed
fiber-optic sensor, measured temperature was almost same with the temperature history
after the spark, assuming that the process that changes the unburned gas is adiabatic. In situ
unburned gas temperature measurements before knocking in a commercially produced SI engine
can be carried out using developed fiber-optic heterodyne interferometry system. Although the
heterodyne interferometry with the developed fiber-optic sensor provides the mean temperature
along the line of sight, the feasibility of our system was sufficient to be applied to temperature
history measurement of an unburned gas compressed by flame propagation in an engine
cylinder. The developed heterodyne interferometry with fiber-optic sensor has a good feasibility

to measure the unburned gas temperature history in the commercially produced SI engine.

wHE

KT T7AN—ZAB AR TANTORA FEIEARICKD SIT Y I (FERIKAE KR T
YA —NLY FHATREDORERIGHIZ 1T > Teo MR TRAF D T 7 A N — LB EIT—Z2 Hnb e
TaHl I — 82 LT, DT 7 A 83—l > — R IEE IR 2 ¢ SmmE LTHD H /)
LY —DEHTTI B =N\ REREICHPAL TN TED, ET . A BRI 5 R
AU EREZITO KB EHIE Y —ICEE T 2 TOLY FAATRIEEIFEZ kI bhsH e
FERU TR Uz T SV U A —E BN SR DIz Z— NG EE RO —Eh A5 N Tz,
ESIT, FEHKAERUKBEBNC ARG HUIS AT L2 ] Uz SRR e U TSR A IR ATV ) 2 n-NT A
VIREZHOWT, TV P ARG HIZT 7572, 27V 72 i T 3,000rpmFe fE O %R [Rliix
M TOLY FHAREG RN TREIC R o T e nN\T 2 Z WV /o F U TRICBIT ST R A
IEFHNZ IO AFHIY AT LOSIT Y D& R LTz,

YAMAHA MOTOR TECHNICAL REVIEW




L—Y—FFEILBSIT I/ —ADORIBIRA R REA
**1 Unburned Gas Temperature Measurement in an Sl Engine Using Fiber-Optic Laser Interferometry

YR L

IFC&IC N

KAE R MBI O TIE BuhRm b BT A0 7)) — e EERRETH 5, B3Rz m Ed
BT HEFEEE DI MANEETH S, MO ERLLE T FA RO &R mE b zs [ERIL. 2V F
HADHEK. DED /v F T OFER LR ™, DIV RHAD I KIE AKTRME RIS RE L
TVBEEZLNTWVSY, CORMEZ RIS 27281213, TV KA AREORRIGHIDHE I TH 2D,
FEHKAE MBI B DT B AR T E TR AR,

IV VE—NTOIY FH ARSI, SR E CEINE S LRI EDN R ETH 5,
— R IREE IS O SN B B RHIRF 0 RREM N E LTV B Ted L—Y —FZ Wt Eat
MORENH S ™,

1l 21X LIF (Laser Induced Fluorescence : L—%—iFc 0 5HIFFIL T, Orth5AY, OHZ T A1)L
DLIFE L—) — L% 2 TR HIT UL 20C C OISR HIES A2 RU TV B, £ 51k, R
AR E TR L OB MEEFHIIL TV 5, Schulzb ik KrF L2 < L—H'—Z LIFIC W CE &I
ENOIRIE D Z1F T, MRS L—) —BELIEIC X OIRE S i 213 T 5" KaminskiS I TLAF (2
PR RO &2 PUBRBSBIC I LT a0, il RS N iR HIRS I 14% TH B T L 27
LT3, O3, LIFFHITEA R E BN 2 el A EIC 72 > T B, LA UL LIFZ W T2,
L—Y'— D0 U B DR T KRG 2 2L IEN#ETH S,

LIFDIS DY e22531HIITld, Sanders 5 A%, IR AT Z DRI INE %2 FI W THCCI(Homogeneous
compression-iginition : RGN BERI O H R ERHIZTT> T3 AlicE 2LDTU Y
>384 M CARS{E (coherent anti-Stokes Raman spectroscopy) & IV TW %, CARSIEZ . 155578
JEDSRNTeDIC LY VY iR EIC M TE, AT T OISR HIA A fEIC 2 %72 TH B0 Hil ZU1E,
Bradleybld. it @ EARIRB I CT AR T Y V% MW TCARSE TOFHIKE S ZFEIL TWVB, 1
LOMEICKBE, T T A —NTOCARSEHITEDFHIKE I £25 Kb &> T\ 5,

U U5, LIFGHINTRE. AR RUNE, CARSIE R EZ T > I T 9 212 Bl 5
LB OIERICNEETH S, FHET ¥ TORE B A5 L EHITE LWL 5,

— 73 L= —TUEIE T A VERITTIEH 20, ELERIZAMIC  BK D 73 iR HE TR Tl S i
EETESY A OMRESH L — —THiEE A ZREFHINCEH L TR L L, 5%
TR L—Y =T IEMIRENC I W S L0, Z DR LA T b b TSR\ H 1% A 4
LWVbNTE, Hamamotod'"*®Tomitab #1377 A /13— 22T X LZFNBTETI YN
VB —FWHRe LIV DANR—Y —ITHRAIR, /v F 2T LT ORRBEA AN D)
LTW5, LA L, COVAT LI3EEDNEM RIS, —RNGIRE LY —E UTHIAS 5 2 & N
THo1e ZT T HRRBET 7 AN HPAATEANT AR A VT EER BRI T 74
N=bRJBIT—ZHOETE TR —EZHER L, T AT P NS K OB FHIRS 2 3
ftiL7z. COFiEZM VBT LT RHIFEE 10 KEEZICEKD, 7 AT D TORBGENT AR LR
WAHEIC > TE T,

YAMAHA MOTOR TECHNICAL REVIEW




L— Y =TI EBSITY VYo Y Y S — RN R RS

“1 Unburned Gas Temperature Measurement in an S| Engine Using Fiber-Optic Laser Interferometry

AWFECIE BIFE USRS AT L2 T D NSGHEI T 3720 0T 7 A N—LRIRIT—%
AWt —82R B LI £ 7 ALY I I KOE 2R ST P I L
1o TTTIE BA DA UGS AT LOFMEL Y T U \DFEH TS DWW TS %,

H B SRR
21 XI7AN—KERERBWVINTOZIVFENRFER
KRBT P LT 2HIS 25 LD RG 7
B 53 252 (b He-Ne L —F— (H1 7 1 mW. i /
£632.8nm) B HDYEE AT R AV HEEE &, LS
ET (T L) Ik R 80.0MHzE ¥

Optical fiber for
preserving polarization

M :Mirror' AOM M
79.9875MHz*, 80.0MHzE 79.975MHz/RE s oy Konente woic B -
modulator ampling gas

STy — Nk ML ~ = . o Reference Test
BIABRICJAPIS TP EN 2RO —LEmD. g B [ e seral siena
SML : Micro-lens

TOYE— L&, ZNTNPHEIE N HI AT 2/2:1/4 wave retarcer

YE) &SR OB T A ) I/ E h g, 7T

AFETIE. PIROEDIEZ80.125MHz, SiYEDYt B1  Heterodyne interferometrywith fiber-optic sensor
% 80. 1MHZICRE LTz, 2ARDVER R — LAT Vv 2 (PBOICKDIADE — L KB N—TITF7—
XD ENTE — LIRS KD T L. 74 b2V AZ—(PDICKOBIUE 5L L T25kHz
DE—MAEBDIMIENS, — /7 N—TIT7—ZZEBLIZE — LIFPBSICKD U 2 KDY — L (Z
NZNPRCESIRCORICHZ DI I SN A7)V VTR 2 MRS %o ikt D 14 (P
fYCDCZRFOE =L)X, A /472 im@ UMte %% %, Pt Lo 7cE— LI 5 —Ic &b e
BEN BT A /4t iz, SIRYCE RO PBSICR 5, ad OO (SIRYCZRiDE—L) & A /24%z
W%, L R X > TRONRIE IR T 7 A N N—NE AT END, T 7 A3 =BT tid v
TAv ALY XA (SMDICE>TAVA—MeEn s ez i@ Lz, I7—IC KO M E N
CHIERZ S %, KA ENTZE— LIEH T A /2875858 UPBSIC R 5 TL %0 sk BRI 0O i 5 Dl
HUIAREZO Rz ERE TS L. 74+ S VA2 —TilliE 52 LT EN %, 500kHzO Y
YTV T BT TOTFESZT V2V AR —ICELRT 5, BRI 5 LG5 O — Mk
DENE N ZRH T 528N TES,

2.2 mEFHAIRE

JEE DD M FRES 2 DD ERGDLE DL ADHBERHDSE0 2 ELS HiEt>Td
BFPEDE SIS, ZNER AP DI IR GBS BROZ HREDE TEDRANRRDS 0 ES
(E—MEWRO 2B THRINT B 2L 2 NT R XA RN T AT OX A U LGS
D SIE SR> TORAERETERHMZIMO T FEZNT IR A THEEV I, ZDXSIENTIR
AV TWETR, BIE—EOE— MNP RZRINT 5 LIHB5 DT, BRI DN FC O Bz
RFZVEWS KRR,

YAMAHA MOTOR TECHNICAL REVIEW




L— Y =TI EBSITY VYo Y Y S — RN R RS

Unburned Gas Temperature Measurementin an Sl Engine Using Fiber-Optic Laser Interferometry

- P

i i L

L—HP—T WL RADEE 2 MR UG HITFED—DTH D HIC KD 5UAD TR £ b
BB TENTE S, ZIADOEEZ L& Ji T RO BRI UICGladstone-Dale D ¥ TEL I T
OX A VT TGS L SRS DR SMHE LR KD, NiHE (LR & JEITROB%
& Gladstone-DaleDX W SHIEZELEZHHL TV BB UIEREE{ke,. T2V ) R —HICHL
O SNIENEHE KDL E N Z B SADIREERICR AT BT LI KD, HADIRNE
ZbERNT 2N TESNMELREENDSIEZR T 2L FTREN S,

2nP,R;L,
'~ 27P, ReL+ NPT, R, A (1)

CT T RAFHEXIADGladstone-DaleiE B TH O i T 5L —F — DI EL XADREICKOIR
X%, 95bb JIHIKREDIE 1P, LIRET, DB TH D GRS XHIKDAZ THNE. ESIPEBIT
THWDONAMHE LT AP 2R ET 2 LI KDMETBOXUAIRET, 2 KD BN TE S,

2.3 BISELIEHAE Y — 8B
AL CRIE LT VIR — O B NWZJ

Lt =13mm  sML

BIC M ZE2IRT 2 —I3ET 743 —, A.
T4 R I2T—HBIC K> THIREI N TV 5.1 n
JERESICIE A AMD ANIDNER T THD, 2o
DHAMEZNETES, V4V FIEBEIT—D
DL 6.5mm T, WEBESIIX T IVISAAT
13.0mm& %%, Y —hEiRICi A5 5 K5I
T4V RIS T 7 A7 IR BI/IT—
W Uz £z  SMLEET 7 A 73— 1d BUC 55 <,
%7 7”(7‘\\“LC¥§E7IJVJH’}9% 81ﬁ*ﬁ§1tb§$u%o Z 2 Photographs of developed fiber-optic sensor
NDZNT 7 A INN—ICBIMED IO KIS JEFE N T 7 A N—Z2 YO LT W& Ic UTe, TP
ANOIOF 71 ZDIAARKX T, 2AD RV N THEIET 5, WEHOERIE5.0mmTHH O
BIFHIAAXELTVBIET, TV VTR TAE O A doE T Y —Z2b iy 5L
WTE%,

7 2 b I YT SRl B m—

F9 T ATV (EH - R 2 22 &0, BFE LTzt o o — B D a2 47 5 72, O
BIRED 7O N B ) A —EERAXDFHEINSEERZ VT TR EN TV 5. BRSNS
I —FTHB.F ARBOEA NNy RTS8 T AL E 2—AR T LN TE S,
A7 X ZAPA—27E78mm X 85mmTH Y., JEAiLbiZ8.9TH %, T2 ¥V [alfirEid600rpm TH Y., ik
R TDC (LFERD 12002 T %, P —Id K EME D6 AmmEiN 7z L CAICRIEL TS, 2
R—BITRERZV 7. HEMUDHTIREL AR ~ZEXIRAX CYELL1.0) Z ¥ P, = 100
kPall THREL TV 5, COH-Hi - BRI B EE AN A ERICK DR ML 2— UK B A #

YAMAHA MOTOR TECHNICAL REVIEW




L— Y =TI EBSITY VYo Y Y S — RN R RS

w Unburned Gas Temperature Measurementin an Sl Engine Using Fiber-Optic Laser Interferometry

(EDAHECH B, SV VB —NDRROM T2 A A=A T T7A TN EEEEE T A AAT (1

4,500 &0 Rl E FIRHCFHIZ 1o 72,

FFEUTeatille > — 82 L7z ER RIS A7 KD SV A —NTOIL Y FHATREZ Y
YE—NHENEEBIGEHIUTe, 752 T 210D SRR Y —ICEET B ETOIY FH AN
JE g2 B3I RS TR o s G RO Z Y MR D721, 75 > Z 210 S RAE UK IRF &
T2 R b —7 220 U KMERKRED S KR 2 —ICHE 9 2 X T2 W2 RE LT

FEHERED 53R T2 ) > B — T3 s 7 s
IR BFE LTt o — e Ko FHl L7z
DU URE—NIY R ARSI, JET RN S
KDz Z—NEIRREL ZIE—HT BT LD
5%, B FREEE T4 H AT I KOG LTz k
RARE Dk 77219 FEHPICHRITRL TS5
AEHIE Y — DR E TR T %o KAERUK &R
BEEAANCRELTVWS XM 7 IV T 7Ry T
AL TWB 7T I EREBIRL TV S, KD
sl —ERIcEE T B L—Y —E— LA
FENTFEEEHEONEIRD KREER I~
Wi 22N TES, TNED KBS KNS K
ROGHI > —ERICRET 2 E TOMIE. BIFEL
Tt > Y — I KOME Urz il 1 B+ i 2
RKELTROIEZY RARREE XL —BL TV
ZEDDH B,

PLEDEINT, T ATV (ki - I aRRERE) 1
0. BIFE LIzl > Y —7% O TRk & (Al Rk
DIERZIENBTEN o Tz,

(A L L T —
4.1 {HEIHERS

AR CHH LT YV Y AT LOWSZ R
SIORT MLV YV R X Aha—oh
70 % 58mm, HF55t223cm’, ALY 5D 2¢ 154
£ #7)VSOHCH/&R &2, LT D B iR g D& D
TH5 NG E OB E AR T v 73
P —ICXOBAZHRE TIRAENTARICTD X —
ISR G %, A AR, WA 2S5 R e BICE TR
WMEFHCKOFHIIL TW B RN AV U > 2l

Flame arrival
800 |- ¢ =1.0, CH4-air mixture .
L — Heterodyne Spark timing
« | Polytropic and adiabatic
) 600 |
2
o L
o 400
1S
(5]
— L
200
0 | | | | |
210 240 270 300 330 360

Crank angle, deg. (TBC)

B3 Temperature change of unburned gasin a
compression-expansion engine

Fiber-optic sensor Spark electrode

d (366 deg.)

a (346 desg.) b (352 deg.) ¢ (360 deg.)

4 Flame propagationina
compression-expansion engine

Bore x stroke: 70 x 568 mm
Compression ratio : 9.5
Single cylinder

Laminar S Pump

Exhaust

Fiber optic
sensor

Spark plug

Vibration isolator

Thermocouple

He-Ne laser

Fiber optic
sensor

Reference signal Test signa

E5 Experimental set-up

YAMAHA MOTOR TECHNICAL REVIEW




L—— TR &BSITY IV S — ORI R RS

“| Unburned Gas Temperature Measurementin an Sl Engine Using Fiber-Optic Laser Interferometry

I B0 EE DAy LS LT RIS
ZROMNF, KR—FEFHCLTWB Fh. 7507
Yy 7 MBS fca—2) -2y a—H—
ICXDIS U AL TO0S, CNEDEHIEN
Y AV cHE#i LT2ECU (Engine Control Unit) IC3X5
A BRSPS 2 R T 2 X515 5T
W5, X B6DHEIRT KO, Y —Id M
KIRDB XS ERMICHIETBIE T IV
A—NITHA TN STz, TV RH AEBOKBEH

AT PIETE B, b Ry .
g ; .' Thermocouple .

42 nTEVEFRALEEEDUTRER L. ; _ 5
R7IC NI T 2o 2L E ORI RZ R B L, £ spark pitel
TR ARAGIREEEGE—2— AV T RS i g paw | o 1S
B B IR AR (BB [R1dis 5% 2 1,560rpm) T—
S HRBES BT 2 D& X ORI R -7,
FEERSEAH I Y T ¢ =0.7. sUKREH30deg. BTDC,
AR IR, 100°C. 130°CE Uie, JE /1 Ol ; ; .
FERKO, Sk, BRI AURE D S ODIEE K6 Photographs of spark-ignition engine
20 ERL. ZORAME SO CED R TES, with fiber-optic sensor

WERRIEEN 2R ELIZD K (330deg.) % ° & 0T C4H10-AIr mixture
[ 4 ol ume_rl(_: A iciency : U.
b\gkﬁéo),ficsziD{gghgﬁ%@z%ﬁﬁﬁiwc\%zﬁ % sl Spark timing : 30deg.BTDC
LT3, IS RSN TS, 2ol 5 2| | = o
g1 —
ENRTESTOROB MR TE S, £ = L =@ romem
x 700 - .
s i Al °
E A ®
S50l w m 3 A o © i
£ f 6 o o °
—
300 L .
330

340 350 360

7 Unburned temperature history (n-butane)

YAMAHA MOTOR TECHNICAL REVIEW




L— Y =TI EBSITY VYo Y Y S — RN R RS

43 AHYVI{ERKEDGladstone-DaleEE

HVV Y DX RZ W ORI Z 5555 n-7 &
> EiEV, ZDGladstone-DaleE EL D I HRA SHRIC
F RV, ‘UK H ADGladstone-Daleii %Y 7% 71
ER

T D=8, TS BEICEARI D Gladstone-Dale®
BB CH5 7Ny n-T R n-A 72 Offi
ZHO, ZN T NIRRT T 2 Y &S To
E&5%TH%5E L TGladstone-Dale @ 5= L.
Z OGRS E DR 217> T, TR 1B
[ i3 FEEn=2,000rpm CZEMR L 12,0, 1 4k HE
Tdhb. DM RER8IT/RT W N E Nz
RKETIERY ba—T721 b, sUKIRIE ATl
It THBHEUTHM LIS R —NABRBEH Al
ETH B, 7R n-7 22 OfERIZ T Ty b gy
ZOBHRT. Ty i (A EDFMRIEIn-A 7 %
VELREZEDRRTH S, Tay brldEhEh
1msT L DPERERZ/RL TV B n-A T2 LT
B USRI X — WK R ARS8
WiliZ/RLTWABZEh 5, AV DGladstone-
Dale/ @& CAUTIVHTH B LB ZAEN%, D
128, LU R OfiEki Tld Gladstone-DaleE % n-4 7
22 DML LTI 21 To T B,

TR, R BE IR 1T 35 U TR [ 1] s 5ok g 7 28
L&/ Z2DWEZ T Tz FERGEM L K IE
17%230deg.BTDCE L. HEIKAE. n=2,000rpm,

#&1 Gladstone-Dale consta

| Unburned Gas Temperature Measurementin an Sl Engine Using Fiber-Optic Laser Interferometry

nt

Species Ar N, H,

0,

CO, | Air

Rg, cm3/mol | 6.298 | 6.689 | 2.583

6.053

9.968 | 6.552

Species CH, CH,

n'C4H10

n_CﬁHM n'Cuss

Rs, cm3/mol | 9.864 | 24.069 | 30.942

44.773 | 58.611

0.8

Pressure , MPa

0.2
0

j___,—-”"

0.6 - Engine speed: 2000rpm
Air-fuel ratio : 12.0
04 403K
373K

Room temp.

n-octane GD=10.38

900
Spark timing

700 |

500 y
aE . L
il

T -
o ES

Temperature, K

_

& Propane GD=7.406
- n-buFane GD=7.477

timated temp.

300 ‘ ‘
300 330 360

Crank angle , deg.

390 420

(TDC)

X8 Effect of Gladstone-Dale constant on temperature

of gasoline-air mixture

< 0.8
% Engine speed : 2000,3000rpm P T
. 0.6 [ spark timing : 30degBTDC . — =" e~
o IMEP [MPa] :0.19 - i
5 04 . = -‘\;:“'—
73 :'_/.’ -~
¢ 02 o i ~— — 3000rpm
o 0 B il : - = 2000rpm
n-octane GD=10.38
1100 [

©

o

o
T

Heterodyne

Temperature, K
(4] ~
o o
S I

.y

Estimated temp.
= === 3000rpm

300 i ., —@— = = =2000rpm
300 330 360 390 420
(TDC)

Crank angle , deg.

9 Effect of engine speed on temperature of

gasoline-air mixture

3,000rpmERABEC I THRIE 217> Tz B9 JIIE £ TSR [l i s 0D 7512 K B iR g g R A b
7% Q1% 121 IMEP (KU A TS = 0.19MPafHEDRIEFS RIS OV TEIME T 18D TH B,
CTITRT IS I3 A 7V DL 55> T0B, £z, 70y Ml ImsZ L ORIERE R TH S,
WAl FRCFIRRICR DTV B —NARBYEAT A TH 5, ME AR Z LB & RSO E M
2,000rpmic Lt 3,000rpm®D J7 AU T > TV B T E DR TE %, AU, BB RIHEEE D I

H1D @ <7E0 RS m<R 212D TH S,

YAMAHA MOTOR TECHNICAL REVIEW




L— Y =TI EBSITY VYo Y Y S — RN R RS

Unburned Gas Temperature Measurementin an Sl Engine Using Fiber-Optic Laser Interferometry

44 JyEVIRBORENERER  —
par ming: rom
RIEBRENC n N TRV BHWAZET. VY Air-fuelratio : 21.0

. ) g 2 L Spark timing: 60deg.BTDC
VYR —=NE/ R TIREZIEIRT HTEDNT
X5, MMESABBIC B VTR, B ckERTS
IuF VT EMETOLY RHRARERGHIT 3T 0% | e
300 330 360 e, 390
k. 3’3%0:%%?%%0 ZDI=., /‘yq:yﬁllﬁﬁﬁ X 1200 | —@— Heterodyne - e
TOLY FH AIREORRIIEHEF 572, 3 goof T Fefmatedtem.
E1 OL:‘\\/U \/7‘— W}Eﬁ@@‘ BJ: U‘ Eﬂ%bf: % 600 Flame arrival timing
—- > N > N N l_
sl T —IC KOME UTe 2 B A g 1 72 w00 | |
R LYYV RERIE1,560rpm 2R 2 1.0 5 oactiming vk angle  der D)
KEFHHIZTDCRI60EIC XK DIT-o T E 1 BEFREXD, E10 Unburned temperature history

under knocking condition

TDCHBEICHS Ny F 2 T 7RI AT e
TES. LIz A R AL B K CIHRIC KD RU TV B, [ENBIEN HRDIS ) H—N
IR I RIS K OR L TS, U IR L ) o X — NS KD & TR iz R LT
W3, TR, BIFELTzE il o — R K0MlE LIRS IR TH 205, [EERED SRk i
JEIE VY Z—NEERIETH LT L T R AWK RICEDIERiEN AT TIRE RIS ZEI LT
BTEREDEINTHHEEZONS ET2. /YvF T EAETOIY R AREX, VX —NT/ Y
FUUEHERETSTENRBETHE L Gl —HDBHIFEDORE A FFOTEHREICEKD
T 3T EIEREETH Tz, L U AL TR LIzl Y — B X UNT o X 1 T
NHARZHOBTE T FBEL VBT v F U TEEN LN FTORHIATREIC IR >
TW3,

PLEDESICEAFE UT SRS AT L T VBT Y A AR E B2 T E 5
TR RLUTOV S,

BbYic N

Aol R UIRE LY —Z2 R I NSEH Uz BRHCn-7 2 > Z [ U, U g 2 28 b X
BTHRZITO, WATRE DI X OIREBIRIGEWD 2 e D WERE T E 1z, /1) >~ DGladstone-
Dale@¥ldn-A 72> L UTHIZ L Z Y TH B L 57> T BB IHLEE % 3,000rpmE T U TH I
ZITITEMTEIL ISR NT RV BV ARCE TV O VIV R—NIC /v F 2 T Bi%%
BECEE, TOXIEFM PCBOTE, T FA RS EEDGHITRE CH S & 2R Uiz, LLEDRE R
KO AR THRH LIz =3 . AVI 2T 2X5GFHI I VCB O CHEHNRETH 5L
FZATED, KOMEROWGHIINTEAIITEHT AT LOBFEZ T TWVa,

YAMAHA MOTOR TECHNICAL REVIEW




L— Y =TI EBSITY VYo Y Y S — RN R RS

Unburned Gas Temperature Measurementin an Sl Engine Using Fiber-Optic Laser Interferometry

WEEXH
1)
2)
3)

9)

10

11

12

13

14

15

Heywood, J.B., Internal Combustion Engine Fundamentals, McGraw-Hill, Inc., (1988).

Pilling, M.J., Low-Temperature Combustion and Autoignition, Elsevier Science., (1997).

Bduerle, B., Hoffmann, F., Behrendt, F., and Warnatz, J., Detection of Hot Spots in the End Gas of an
Internal Combustion Engine Using Two-dimensional LIF of Formaldehyde, Proc. Combust. Inst., 25 (1994)
135-141.

Zhao, H, and Ladommatos, N., Engine Combustion Instrumentation and Diagnostics, Society of
Automotive Engineers, Inc., (2001).

Eckbreth, A.C.,, Laser Diagnostics for Combustion Temperature and Species, 2nd Ed., Gordon and Breach
Publishers, (1996).

Orth, A., Sick, V., Wolfrum, J., Maly, R.R., Zahn, M., Simultaneous 2D Single-Shot Imaging of OH
Concentrations and Temperature Fields in an SI Engine Simulator, Proc. Combust. Inst., 25 (1994)
143-150.

Schulz, C,, Sick, V., Wolfrum, J., Drewes, V., Zahn, M., and Maly, R., Quantitative 2D Single-Shot Imaging of
NO Concentrations and Temperatures in a Transparent Sl Engine, Proc. Comb. Inst. 26:2597 (1996).
Kaminski, C. F., Engstroem, J. and Alden, M., Spark ignition of Turbulent Methane/Air Mixtures Revealed
by Time-Resolved Planar Laser-Induced Fluorescence and Direct Numerical Simulations, Proc. Comb.
Inst. 27:85 (1998).

Sanders, S.T., Kim, T., and Ghandhi, J.B., Gas Temperature Measurements During Ignition in an HCCI
Engine, SAE Paper No. 2003-01-0744, (2003).

) Lucht, R.P.,, Teets, R.E., Green, R.M., Palmer, R.E., and Ferguson, C.R., Unburned Gas Temperature in an
Internal Combustion Engine. I: CARS Temperature Measurements, Combust. Sci. and Technol., 55, 41,
(1987)

) Bradley, D., Kalghatgi, G.T., Morley, C., Snowdon, P., and Yeo, J., CARS Temeprature Measurements and
the Cyclic Dispersion of Knock in Spark Ignition Engines, Proc. Combust. Inst. 25 (1994) 125-133.

) Brackmann, C,, Bood, J., Afzelius, M., and Bengtsson, P-E., Thermometry in Internal Combustion Engines
via Dual-broadband Rotational Coherent Anti-Stokes Raman Spectroscopy, Meas. Sci. Technol. 15 (2004),
pp.R13-R25.

)Nakada, T, Ito, T., and Takagi, Y., Unburnt Gas Temperature Measurements Using Single Shot CARS in a
Spark Ignition Engine, Proc. of Int. Symp. on COMODIA 90, pp. 393-399, (1990)

)Akihama, K., Asai, T., Improvement in Temperature Measurement Accuracy of Q-Branch CARS
Thermometry (Effects of Spectral Resolution of Detection System), JSSME International Journal, B 36-2:
364 (1993).

) Garforth, A.M., Unburnt Gas Density Measurements in a Spherical Combustion Bomb by Infinite-fringe

Laser Interferometry, Combust. and Flame, 26, pp. 343-352, (1976).

YAMAHA MOTOR TECHNICAL REVIEW




L— Y =TI EBSITY VYo Y Y S — RN R RS

Unburned Gas Temperature Measurementin an Sl Engine Using Fiber-Optic Laser Interferometry

16) Achasov, O., Fomin, N., Penyazkov, O., Oznobishin, A., and Fisson, F., Interferometric study of combustion
in a spark eginition engine, Proc. of the Int. Symp. on Internal Comb. Engines, KONES' 93, pp. 553-562,
(1993).

17) Hamamoto, Y., Tomita, E., and Jiang, D., Temperature Measurement of End Gas under Knocking
Condition in a Spark-Ignition Engine by Laser Interferometry, JSAE Review, 15-2, pp. 117-122, (1994).

18) Tomita, E., Hamamoto, Y., and Jiang, D., Temperature and Pressure Histories of End Gas under Knocking
Condition in a S.I. Engine, Proc. of Int. Symp. on COMODIA 94, pp. 183-188, (1994).

19) Tomita, E., Hamamoto, Y., and Jiang, D., Measurement of Temperature History of Unburned Gas Before
Knocking in a Spark-Ignition Engine Using Laser Interferometry, Meas. Sci. Technol., 11-6, pp. 587-593,
(2000).

20) Kawahara, N., Tomita, E., Kamakura, H., Transient Temperature Measurement of Gas Using Fiber Optic
Heterodyne Interferometry, SAE Transactions - Journal of Fuel & Lubricants, SAE Paper No.2001-01-1922,
(2002).

21) Kawahara, N., Tomita, E., and Kamakura, H., Unburned Gas Temperature Measurement in a Spark-ignition
Engine Using Fiber-Optic Heterodyne Interferometry, Meas. Sci. Technol., 13-1, (2002), pp.125-131.

22) Kawahara, N., Tomita, E., Ichimiya, M., Takasu, K., Tsuchida, N., Goto, K, Transient Temperature
Measurement of Unburned Gas in an Engine Cylinder Using Laser Interferometry with a Fiber-Optic
Sensor, SAE Transactions - Journal of Fuel & Lubricants, SAE Paper No.2003-01-1799, pp. 1044-1051,
(2004).

23) Gardiner, W.CJr, Hidaka, Y., and Tanzawa, T., Refractivity of Combustion Gases, Combust. and Flame, 40,
pp. 213-219, (1980).

WEE

SRR (A== Nobuyuki Kawahara
Rk

EH %= EjiTomita
FEILRE

KB = Kenji Ohnishi
RILAS

18—  Kazuhiro Goto
O—RL—MR&DAER 7 HMAREF — L

YAMAHA MOTOR TECHNICAL REVIEW




INEDE RW.®RB®

YnRing Xk

2006-3
Naﬁi

RN

FeH. MEATTHESNHD, dbul. Fi, Kt Lifge 4 #iliz#ii Uiz hET<g
WKRELEFRLTOT, ZOEERZOEBELATHZH, Mo 1 D0IE5id 6 4£.50
DM TH o7z, BIRIESRIOKZZENT, TR OELTEADEILTERL, %’;ﬁ@‘?F
YTHholz, Z2IE—HPR-TZEICEAIOELT, UATHIBEDHDIIITH T ATH
RN TVBEADPFHF-HEm <D, 577/—0)%72[7%“5"({”‘m'l‘@{iﬂr'?&ﬂé%& Ja
I BDINAFTRED |>E«Zio%£7b\&3%> IETH -7z, BTHIDT-TEED, YA MK
L MRS TEOIE] (8 SBOKREUNELD, RRWERLNUVBRED T54) :
ﬁ)@#kaAWKot%?T\Tk%h%%ﬁbfbiotoQU@H%TWDLHTw%
PR BT EEEE, ATTICRofb s B R ->T0AHN, FREEETFEWSTIINS RS L,
JEHNC V= THFRIEDYITHD ., DT Y& fr BRI T, @ e

LR MEAHE NS, Z 2 — G TREIC LSV EBMEWIZEORES TH D, AR,
EHETRUAC LR, SIzDIZElR%S,

[ISIEIZN E%EFPL:EZDTL\%CK’G&%O W, KBNS BEILREZE-> TN
&L LU, ek s £ olnizgicid, 1o EMHHECE LILDRATHIZDTHS,
ETAD, LODUEHMN S, FLlds k%OUVCb‘T%AKﬁ_tH)Lb‘&b‘O CNUOBLEE M &
BB EIMIE SRV - . -

STeDAR, ETAToTEHIEDL, }.’T"CEZ’L?‘L &y, IITHB, CEITIRTHR
e E M, DDLU OERD, KA ZFOBICREDDDIELI RO TH S, BT
BEDPLIRIFIC LWMEFENS -T2, "HIT BB TRLGBLITHEICEDIE0E
DTH5, (i Bk

HHALE
oA
s 17 I
%17 A
BIERE
it & A

TYAL
T8 R

I
Bl b
bk

2006 £ 2 H 28 H
2006538 1H
TINEEGEHREHE T 438-8501 AR HEHIR 2500
=R ER

THRBRA O
A B AM:

L—T R&D AFE Al F—Ly
SR AM B 1R R
8 KBS A MCHIZEARHLS v SERFTHE
BB EE MCUZEANSy SHGHA
BEHE WTUys B WA o A— o — BRI
AW M I-RL—FRDA 37NN T L R TFIT R YU M 9 15 Bk
INEDE & TR b — AN —7 WM EZ IRl —] R&D A ‘“MLL%—L\
N — YINEE-RT-TaE  VWHS SR P H B RV U= a Ay i
HEBE MCHERN MCHEW EVHIEE

B AR WAXIAN

INE B O Ty S MR ST & H B R R - =y N s 2L —
SEEM ooy HE CRM V=T & FHAE a—BL— R&D AL lF—L
=WIEBE a-KL—kR&D AW BiF—LIs I F 2—FKL—b R&D A F—1s

BRE2TA N T 437-1196 UL LSF 5 An i 2455-2
J—H L — b R&D AH} BEF—L (FIRFEESEHR) TEL 0538-32-1171
http://www.yamaha-motor.co.jp/profile/technical/

1‘0

B IM A8 s— HiffiF—L

B MC PEARHES BifimTs R e
Z

R

AAAGEH RIFETN—T

il G224t U 9,

AL AL A
PHANSECIE IR D < 128,
BGFA N L ET,




YAMAHA MOTOR TECHNICAL REVIEW

(URER$HER] T CD-ROM [ThE. FTEROLSHMRENBHH>TVET,

M 2006-3 No.41 - DXIRR
g TOT - REFFROTIV T I
W 2005-9 No.40 s RIVFATATHERE (B PIRODEBLE)
81 50 AEREE  OONSE
M 2005-3 No.39 CD-ROM #%BALVT TCONTENTS.pdfs ZHZ T IWoUy o LTTFEL,
S8 | AEF 2 AEEADOE T
W 2004-9 No.38 ZDCOROMADE %= = & IT 5 % I X, Acrobat Reader &
B OVR—RY MEHE QuickTime 7571 B"pETY, Y7 b, TDCD-ROMA
M 2004-3 No.37 KA LTWEYT, TRIBACEEL (Windows FRDF#) .
HHE | BHMERSEER TR
W 2003-9 No.36
1 20K - K EEENWLCT BRI _
W 2003-3 No.35 XHICHBETORE EBE LT w2 LT TR
YR L ENNBES / IBNNERE § EFETL, BOMBEFLETETENTEES,
W 2002-9 No.34
Y5 © CAE
W 2002-3 No.33

W& mE




@YAMAHA

YAMAHA MOTOR CO.,, LTD.
2500 SHINGAI IWATA SHIZUOKA JAPAN



	表紙
	目次
	特集
	01_中国におけるマウンターサービス事情
	02_中国の電動自転車の紹介
	03_2005年中国生産モーターサイクル「YBR125」
	04_キッズ用オフコンペモデルTT-R50Eの開発と生産
	05_インドネシアでの製造用水改善への取り組み
	06_中国汎用エンジン事情
	07_3Dによる事前検証型業務プロセスの構築とグローバルエンジニアリングへの展開
	08_2006年ASEAN向けスポーティーモペット「T135」

	技術紹介
	01_船外機艇で流し釣りをするための「補機流し釣りシステム」

	技術論文
	01_レーザー干渉法によるSIエンジンシリンダー内の未燃焼ガス温度計測

	奥付
	裏表紙

