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Break through on Monozukuri - engineering, manufacturing and marketing
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Recently, I often see articles highlighting the low rate of labor productivity growth in Japan. Our
generation was told to be proud and raised on the strength of the Japanese manufacturing industry. In the
field of motorcycles, one of our company'’s major products, there was a real situation in which Japanese
automobiles were growing in the world while European and American manufacturers were declining.
However, the composition of the market has shifted dramatically during the period of change, such as
changes in social demands, customer values, diversification of needs, and changes in technological fields.

In this environment, Yamaha Motor has the ART for Human Possibilities as its medium- to long-term vision
and are promoting business development aimed at realizing a better society and fulfilling life through the
company's “Getting closer to Human” and “Expanding Human Possibilities” approach. Along with product
development in line with the vision, it is also necessary to consider how Monozukuri -creativeness should
be supported.

The major environmental changes in the production technology field I have been involved in, include
the evolution of digital technologies such as IoT and other solutions. As there are many variables in the
production site, it is difficult to quantify the conditions of good products, leaving areas to be leaned on
the site, and there were many obstacles to high achieving higher accuracy and functionality. However,
stabilization of the process and speed increases by visualizing phenomena due to the evolution of sensing,
incorporating digital technology evolution such as analysis and Al based on a large amount of data, and
equipment that can perform control corresponding to them. In addition, the environment for improving
the efficiency of product creation has been improved by expanding automation. There have been some cases
where good quality conditions of scales were obtained from the eyes of big data analysis in the casting
process. On the other hand, not only streamlining processes, but also increasing the value provided to
customers by manufacturing technology (Monozukuri) is an important technical issue. In the future, we
will aim to innovate from craftsmanship to mass production technology by utilizing digital technology
even in approaches to creating high-quality products and improving product power that require advanced
skills.

Furthermore, as market needs diversify, it is essential to speed up the creation (Monozukuri) of goods.
As for the supply chain, variability in demand cannot be avoided. For this reason, a production system
that can supply the required amount according to demand from the current lot production system in
a timely manner is indispensable. Even in this field, timely collection of market information using IT,
inventory management, production planning, and the development of variable production methods that
can respond are required. As for the engineering chain, data-based development (MBD) needs to be linked
to the manufacturing process. Needless to say, when these initiatives are implemented, data is shared, and
related departments work together.

Productivity can be defined as creating value for each person. The double effort to increase value and
work efficiency (speed) will directly improve productivity. By making full use of evolving digital technology
and achieving breakthroughs in technology (construction methods), supply chains, and engineering
chains, not only we will deliver “The unique style of Yamaha” to customers, but also increase productivity,
make it easier to work, and create a production process with less environmental impact.
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Development of Primers to Match Exterior Colorings

Abstract

In 2018, Yamaha Motor began production of white outboard motors, in addition to the existing gray color. This white

color is achieved via the intermediate coating, but heavier application of paint is required compared to the gray color.

As aresult, the rate of paint rejects and the intermediate coating time increased, leading to decreased productivity.

To address this issue, the coating system was revised, changing the previous method of achieving coloring through

one intermediate coating to achieving coloring via two coatings: one base coat and one intermediate coat, and using a

primer (base coat) close to the intermediate coating color. The revised specification enabled the intermediate coatings

to be thinner, reduced paint rejects, and shortened painting time. This report introduces the initiatives taken as part

of the revised coating specification.
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Technology for More Compact ECU
e EF KE-E

Abstract

With the aim of improving fuel economy as well as improving added value through riding support, many aspects of
electronic control technology have been fitted to motorcycles in recent years, leading to units containing the circuit
boards expanding in size and number.

Larger and more units lead directly to increases in motorcycle weight. In addition, limited space is available in motor-
cycles to install control units, and when factoring in the wiring harnesses to connect the control units and the compo-
nents they manage, installation near the drive components is preferable, requiring smaller units.

Conversely, the electronic components market, led by the consumer products field, is shifting to smaller parts. When
the mainstream sizes of electronic components become smaller, reduction in the cost of parts as well as smaller com-
ponents to suit the more compact circuit boards become possible.

Based on these trends, this report introduces initiatives to evaluate compact electronic component mounting technol-

ogy and also consideration of making overall unit size smaller.
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"effi-vision" Stereo Vision for Electromagnetic Induction Golf Cars

Lt Z55

Abstract

Yamaha Motor has been incorporating automatic driving into products for over 20 years (albeit in limited applica-
tions). Electromagnetic induction golf cars, which are capable of automatic driving following induction lines buried in
the ground, are now in operation on golf courses throughout Japan since being launched in 1996.

When automatic driving vehicles are faced with impediments such as obstructions and bad weather, electromagnetic
induction performs robustly compared to GPS, LiDAR, and cameras. Although initial investment of cost and time for
installing induction lines etc. is involved, the electromagnetic induction method is capable of stable operation in loca-
tions such as tunnels, where there is no GPS signal, or in conditions such as snow, fog, or poor light, which LiDAR and
cameras struggle with. On the other hand, the electromagnetic induction method is not capable of recognizing the
surrounding environment. Thus, other methods are required to prevent collisions caused by automatic operation.

In this report, we will introduce the on-road obstacle detection and speed-varying functions of the “effi-vision” colli-
sion prevention system based on the stereo vision developed for electromagnetic induction golf cars. Electromagnetic

induction golf cars have been equipped with this system since the end of 2018.
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Helping Families Make Memories: Development of the Family-Oriented

Free Go Scooter

KIBEE NIIO% WIRGE #HAEE ATRHRE AR

Abstract

Of the approximately 5.8 million motorcycles sold in Indonesia annually, approximately 4.8 million, or 80% of the

market, are scooter-type models. Broadly dividing the market into three segments based on price range - basic,

standard, and premium - the Free Go was developed to target fathers with younger children aiming to step up from

the basic to the standard segment.

This report introduces the development concept of the Free Go, a model which significantly expands the functionality

delivered by scooters, and which can be depended on to make the most of valuable family time.

12 Loble

AV RRI T O dic B BB . R 580
HETHRLTED, ZDI3BRT—2—ROWGEHEEIIE
[t 480 Ik iR 8 #l7& TV B, itk
CKOR—=w 7 ARVAE—R, TLITLE3DDET R
YMTKBIENBH, R—=YwIPEARY R —RET AV
WCATY T 7w T 25 ETIHRORMZ2—7 v e Lz
[Free GoJ ZRIFEL7Tz,

ARETIE, A7—2—ITRDENZHERER KEL M LXE,
KK THMT I RY 2 5 9 2N 5 A7 —%— [Free
Go) DBIFMENTDOVTHNT %,

FFDIEL

ZEBAFE LTz [Free Gol &, “FEDNiEZ DT 7
IV—ay I N zarveT M, EORTFO RO EGE
W THBEMOHFEENEEMCTRCLEHIET LD
2, AR TOEHPITRNEZAE =R AT EIE R
ZHTVYINSLOWENINEAZA) T ICE KLz, £
foo TV EBKIE AT —RZ—ITROOLNBHEHED R KL
Z HIEd LIRS, a5 RE0 N Bzl A B b T8
OHGEP A DR IET IV REIR L TV LI,
ASEAN % [H O LI CEEMRER T Ty b T4+ — L (BLF,
PF) LU ToR¥ZHIEL,

YAMAHA MOTOR TECHNICAL REVIEW 20



21

REDEWHEYZIGETS 773 —mEIFAY—2— TFree Gol DRF

Helping Families Make Memories: Development of the Family-Oriented Free Go Scooter

CAR— R E—YRTFL
(TI-Ver. A-Ver.] D3+)

- 70 HMamn

cBEOYBENOVIY—b

CUFRBITIVERT S TN~

cHIBLDZT VIR I A

QBB CREEPETCEZ T TV LA L

- 110mDIRLY 7 21 v

ABIRENC A L—XITIE L. KW REGEY ERBF L
L ULNZE4125¢c "BLUECORE" T~

< B> A T 1 > &L Z BSmart Motor Generator systemi&
-TQuiet engine starts systemJ (One- push startiégez 2¢)
-I'Stop & Start Systemy (1-Ver. A-Ver.] D d+)

7 7val  ACC INF—F | 7148V | 2=+ E
25t | vrub| 5v7 |2bv7| TE— | A | poL
Free Go [ ] [ [ [
Free Go (I-Ver.) [ [ [ [ [
Free Go (A-Ver) [J [ ] [J [ ] [} [ ]
cACCY Ty b

cBBL VY REIVEEBED
LEDNY RS54 b

- IR HDARAR AT

K1 J4—Fr—<vT

B3 D L

RRDBHFE DN ERK T B 728, Pt - FUEMEZ X
ZBFEREL Rl 2 M BRI LT, ARZAV 72BN T
AR B SR AURGRE I A IE DS AR — AV A b
ZHBUE LTz, E5IC, SHBDAR—ZPF 55X 5%ED
BLEE 2B R LT ol a 21 1o 720

ARETINDT 4—F¥—<v T %K 1 1TRT,

3-1. BRiE - FUFEEZIRETS PF ORR

Pl ED BRI BOICBHFEL Y VU B RREE, %
TS 7= DAER bR Z B iR LI ik Ll A B E 5 T
LT A7—2—L U TOHEAKIiEZ K EL N X7 PF %
BHFELUTz,

3-1-1. #{kL7z BLUECORE TV

CVT & FI DRy T4 7 BXU, FEBOREE
KX BRI EE RS ANED T lc kD, AL— AT
EOZRE L, £z, 75— REONEZ T, Smart
Motor Generator (LA R, SMG) DRI K205 5
30 EBSMEIRE B~y RIS — DR ZIC LD, A 890g (T
VI VHAR) Ot bZER L. HiliOH R EITE R
LTW5%, E5IC, KT AR FI AT LOFEEE, Frfhlit o
JARET KD, AR TlE 182 s DB K E <
EmkL7z (X 2),

YAMAHA MOTOR TECHNICAL REVIEW

X2 {bL7BLUE CORETL>VIY

3-1-2. RO HhERF F—FFRYIR

V=PRI, ARV A—RET AV N TIRKERERDH)
25L DAY I A MR UTe, SR8 ZAS WO BRI B 75 ]
FHEHADTINT 2 A AN Ay RE, BIRAT—)L\DIfifiL
LTRBTRMTHEIAHRDNZADINTE R KESZHEEL L
ThFRE T2, TIVT 2 A ANV RAY MY —h FRw 7 A
WIS 2L, > —REha<ED RO E DS ENE L
9%, ZTT [Free GoJ Tlx. SMG DEHICKH A x—%
— =R =B S TTEREMEENLEDD,
Pt OLT 7V —F =%~V Ay b OB 2T X 5ICH
ELTze THUTEKD, TIVT A ANVAY SO TE R
W AR ZRT Bl —hazM A, IGnkeE>
O ZRBIL: (K 3),



REDEBEWHEY ZIGETS 773 —@EIFRAI—2— TFree Gol DRF

Helping Families Make Memories: Development of the Family-Oriented Free Go Scooter

NVAY b EANTS
- o RBDHBRY VX

A —

M3 RBDIANZFR>fc—FTFRYIR

3-1-3. B2 9D 7 — FR—FTFiRET7 OV MaHE

U—F PRI ADFRZ KRR T 270, kx>
O —b DT —FR—RF I \B&L, BRicedk
W, BRI EBOROL Y 7> —)V RPICECE L, Faih
KRS — b2 B 28D LS ZPERR U CRIfE 2 1 L Xe 7z
(X 4),

PERDETINTEY—F FRY 7 ZADORRTERO TR &L
TTOTHEZID ANSNTED, [Free Gol DXLV
HiGEETHRDO 7Y MEMET VXD ENENKEL
PERDFU TR A Y O 2 X TTmy Mahz iR
L. 94X —D R ES M HliL /%%, ZT T,
28] [Free Go) TE 7L —LD34 T T =B X CFMIT
EZNICDIEDN B YT 2 VOB EZ b 58T, 7
0 MEH ORI &5 A 2 — 0 JE 7o e 3 2 R il {4 O i 17
ZIBILE (K 5),

ZDEIE, AT—2—ITROLN B REZ 0 LR EH
5 PF CEIRTE B2/ VOMfHZIP L2 T, HlAh
HEOHHEICEZH LIV LT RORER, TNETD
ETIVEDERIE, ZRET 2T ERITH L TORMRE
X7 AfRelc Lz,

p=pgz:] ]

Y= FRYIR

X4 T—bR—FTFERE2OE—FTFRYIZ

7 L—LODBIIR

Z4 Z—DETTIIIES
KEZAVHADELDIC

X5 7OYMemERTDLEZEmMIILETIL—LA

3-1-4. ZARYTORBE I ZRET BT —F

Figat o —h ol s et 2 2Bl LT, itk i
720mm D HEDDEAD DI TRFEDDIEVT —he
TBHILT, FTAX—LRY T LIA X —ORANEDFH
g EER T, TSI N—DEEFE YT LA A — DR
IS — &S RICRBERICHREL, XV T LIS —
DRZEL>DOERFFTHEERIC, BRI RN LS
£3. bOETHRGILE (K6),

BUT NS5 E—D
AR

M6 —AFYUTORBEMZRMTBHRET—F

3-22. KADRIEEERLETRAZ21UT

=P M AZ—E, [IN—Tw IR D R —2—T
BREHEMICYIE DS, T3 7 LEEICEN S S D DAiFE
R BT 22550, FETIMAR DBk 1Tk
Ellee THAaAV T e RET5ICHID, FTETF
L7zDiE 22—y " AR =i BB G772 )t &
LTIREL. HDONFEZIRDIED, BIEOZZREL, Aok
ORI E D BIED Tz, TMEIHRUIEAR—T 1+ —7%
Mo UERY MTPREED LAY, F5EL itz fi->Th
LIRFEHEDI2DOBHEL L TR—=V w7 A7 —2—T2 {48
L. T Ao Lick &R WERL VeI 0507 |
FHENBFHEITIBNDAKDNHDONNICH S B 21—
—EFIUNCERELT,

YAMAHA MOTOR TECHNICAL REVIEW 22



KEDBWVHEY EIGETS 773 —m@EIFRAI—2— TFree Gol DRH

Helping Families Make Memories: Development of the Family-Oriented Free Go Scooter

M8 HIRHITRELITH 1> (CG)

ZAETETIROBIEDH AR —A 23 A ML
DAL, HBKEN D AT To— kLRI
T F—=AAR=T 4 =T P A VHIENE TV ZBLRE A
KOS TSIz, THA VHEE M UIASE TN
RDAR—T 4 =T P12 = KADEHE & TafgifkEniz
FNBFEFORE) DA TH-T,

RRALENTT A Ve — Rz g “RADSE =7
FARDEFCEENMET YAV e, HEEGTOMNDRg -
BEREVEZIBOR LTz, THBREAMBIRLIEA Y —2—13 AT
ANEITHNDBREA ) RIFEDONTEAGZEDEEN
230 TWA2HIELI: (K7, 8),

3-3. REICIRIHTES PF ELTORE

Gl Ty edifkz PF (F'Iv b Tr—1L) LT,
TN N—RCH GBS NEZHA DB 2L TH
FNHRZ L, SEOTH BRI ST % PF K
IZBWT, ZONR—RAERS PFIIECOETEEMETEST
RN RIGEFTH %,

23 YAMAHA MOTOR TECHNICAL REVIEW

AR TlE [Free Go) DEHFEZ@EL, PF MG D& LB
112127 L—LDOBFEFHHNT OV TN T %,

3-3-1. RENEEHEEL 7L — LiBE#REF

TL—LOWBETRIE, 7L—LEWDhDHTIHE
Lz 7ar 7 IR, 3 7arvr7w2oORkEAbETIL—L
A LF a7V —F TR TSNS,

M9 BREHESEHEZMRELLIL—LYTIVTHE

BT AV T TR TR - BHE - A7V A A LICH
HEDHZHY, 327V — b TR Z OE DR 04 e i -
BRICK-> TR, ZOM—IEWNHTHS, £ T, Hilj
DHERFHE - BHEETE T 2T L —LZECOETEay
V—hTEZY T arT o EREZRE L. ZhSz/lA
BOESEHME THOGEZHTELT: (K9, FHFERARERE
MHEGELBFED A NN—DE LTI A, Y7 arv s
LIkEFRLE OGN TREAZTTEL, BH#EN—F
A ED TN B TAHZIETRICB B IR T, ThH0
SLEEFL T L— LORRITE - 58E O 7 DTz fnl
JEERZ DL, IEHAE TG ZED BT,

3-3-2. BEHEROREREETL— LBRFE

W7 L— L2 R L, FEPE Lo7ebd T7a Ma
ikl &, PFHKIICI -7z TASEAN % CHldE nf e/~
L—L] ZmNid Bh5E%2 770, BT L— Lot -
SHRILSPRD U7 B A DOTTi 2 IR L. HERZ IR
EUTHFEZ DT,

7uy Maeic &y, Ji o S T EGE I E g
WaL, AN OME TE DX ITERMITE - s8EZ iR
L. SEs 2l e 3 20 MR KORETH >, [ERD
AR TIE B FEEL T OHNT 5D B ORRGEEIC AR



KEDBWVHEY EIGETS 773 —m@EIFRAI—2— TFree Gol DRH

Helping Families Make Memories: Development of the Family-Oriented Free Go Scooter

B, F G AEEEFE G20 L TETVY
TR LT, ZORE. AL AT LA D T
a—7 D3 DDEFE (RNOES « LA - Jifzf L)
DA R MGEZ I T2 R i g % LA ATHEL 720,
SRR ORGEZE N (X10),

Gl 5k a= )

BT AR
= 4Lv A

ALVINAT

10 EOTIIHUBRET IVEREER

A D RFE BN B H - Te DI Tld 7%
WA, BIFE BT OHEEROE LA, e THEO TR
ZRIEIITITET, RIMTOROELZMIETZTEN
T&ETe, RFEEBLEN—1AL75D ALL YAMAHA THZELT:
HFHIENA B,

Hhylc

RETIE, AT—2—LUTOYGEN: - FIEMEZ KR
KA X, BT o T el 0B R4 EZ B,
HE DR EEZETFNVET R AO0—H 2 LTH
Hatiolz, HEGERICHIT—D DDz T hRnic
FAH EFTASR, AV BERED B EOHIZ W
felzce itz

AETIVIVDLTELLDBEMITIRE, KiFkLDBOIN
TEDICN I DT e 2R L I, 514D PF Al E
PTHDOETINE - BREZ F LW, ASEAN BEICILM ST
ETBEMOLETLZ LD EML TV TEEF> TV,

mEE

NI $eh

Satoshi Ohashi Tsutomu Kawaguchi Yuuki Yanagihara
PFHfL=y b PFHiL=y b PFHiL= b
PREHHEH PFHHHEA PFHHHE
SCIHZER SCHI¥&i SCHF&ik

T .#' &
a2 AT RE S AR
Takashi Shiina Yasuhiro Kinoshita Akihisa Soga
AVAS NP2 0% Rt THA VKR AR
DAV N 075 51 i S A P /i 7 SHERE

S IPTRZERR T5v=0716 PFEI{RHHER

YAMAHA MOTOR TECHNICAL REVIEW 24



Refreshing Sporty Compact Scooter RS NEO
'LSR125 DREF

Development of the RS NEO LSR125 Refreshing Sporty Compact Scooter
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Abstract

As it moves into the maturity phase and sees increased awareness about environmental preservation, the Taiwan

scooter market is demanding scooters which deliver both performance and fuel efficiency. To suit this market,

Yamaha Motor has developed four platforms by vehicle class, being S, M, L, and LL, and is rolling out product groups

based on them. The newly developed LSR125 is based on the S platform for the smallest vehicle class, features an

air-cooled BLUE CORE 125cm® engine with Smart Motor Generator, and also includes a new frame design and lighter

weight overall. By developing this new model based on the S platform but also incorporating the new, distinctively-

Yamaha design DNA evoking the YZF-R-Series, Yamaha Motor has created an entry-level lightweight urban scooter

for younger riders providing ease of handling in a cool package. This report showcases the LSR125, which was

developed to target sports-oriented customers who demand high cost-performance.
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Development of the RS NEO LSR125 Refreshing Sporty Compact Scooter
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Development of the RS NEO LSR125 Refreshing Sporty Compact Scooter

[YZF-RZV—ADDNAZ kR LIc AR —T 1 5 Bl D
WTRIVEHIiZ W 2720 TEHRD BFEF— L O B WD
bl IUEL TS,

HS-PFCRIREET N 2B R UIBET IVELTORSE
F5E 7 L. ZENZENOET IV TRE T B L BFE HAAE
JiK T E B BV R LTz, PRO—FE Al & 3% b D
BIFREA TIRKOE, 3 ab b, FIFHRO KiEzm ki
DI % MDPFICBILTE. S-PREFAERICPFOBIET )L 7%Z
IERELT R Z LT IR R LD BIHF 2§ C
W<,

S1IE. COBFERERE 70— IV ET IVEONET IV
BHFEICEAED L S D I TR T E S0 072 A%
PICHE LIz EEZ TV S,

mEE

Shaohua Chung Paiho Hung Chingtsang Yeh

YMRT YMRT YMRT

5 CREATIVEA CREATIVEA
TR DESIGN

AR ¢
A
BIEER R RS
Zhengzhi Peng Chewcherng Liou Yuanhao Chen
YMRT YMRT YMRT
Wi T 0 W=
AR 5B R BT RIHHIER

Hes
Chinyu Hsieh

YMRT
W=
kAR

29 YAMAHA MOTOR TECHNICAL REVIEW



5 m-

@YAMAHA

e —

Abstract
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Development of the F300D Outboard Motor

~
Absolute Reliability
Swith
the Highest Horsepower

F3000

YAMAHA OUTBOARD MOTORS
\

As with the automotive and motorcycle businesses, environmental regulations continue to be introduced in the

marine industry. Even in emerging nations, where regulations have been looser, the transition from 2-stroke to

4-stroke engines is underway.

In addition, whereas inboard and stern drive motors used to be the mainstream power sources for large commercial

boats, outboard motors are becoming more popular thanks to their greater ease of maintenance and liberation of

boat interior space. At the same time, boats are becoming larger in order to increase work efficiency and profitability,

and requirements for higher-output outboard motors are constantly increasing.

To respond to these market trends and customer requirements, Yamaha Motor has developed its largest-ever output

commercial model outboard motor, the 4-stroke, 300-horsepower F300D.

12 Loble

FEh L iR L RIS, <) VRSB RE G
Bl O NHES . BURIORE N> T Fe g FHicIB VT
&, 2AMA—TITUIUHDH 4 AMA—I IV UNDKE
D EA TV S,

Fleo Ok NN TR > TV TR
AB&DKRIFNHRL T, AV TF 2 AR AR —Z1h
SR ZENES O EICKD, MM TERE DAY L
MoTWB, MRS, EHNHEWEENET T Df-o I
DORIULBHEATIHD, ML TE i kO Z R
HARE>TN S,

ZoVoili O b, BEROBEZITIEASZNL,

WHEZZ—Fy e Llka~y—v)LEFIELTIE. v
N FERE RS, 4 ARa—%7 300 B OMf
[F300D) ZRHFLI,

B DIEL

ARETIVTIE, BHINE “YNSLE ZHKL, &5
ICHEIEES R T, TR S 8iE ) ZREORAEEI T
FeLTRIELTe, MIMED RN L B ERDEHZ I, F
WIRAICHERE T BT TR AL, BEOL A K FERTERIC
ER RN H D, MFROMALBERESEMCENTE, H#
NV EVSEEIEZENNEEDOE T 72D, A
TR EDIHHITHER KD Bk LW 2 3 L CHlTEZ2 11>
Too MDNZEBICBILTE, AU K DI ST 2

YAMAHA MOTOR TECHNICAL REVIEW

30



oM TF300D) DRF

TR, IKERBR OB I T 20 A MES ) FX
¥z,

oI R O Z RO T SN, A& liD
NIELTWAD, hcea~v—IvLEFILOMibNIT i
ZRMICET, a—AMT—FRDXIIC, hgEEPAE—FR
MRDENB\AMMEN S, KEDFIYI N2 E M 5
HRPTUAR— VS THAMMEE T, WLV AR
FTMHENS (M1, 2), 2T, ZHRAEMHZEMNE R
BOTE, MARBONRT A=<V A5 B0, AT
FIVTCIE, ME~HERRO AT A hom E) icHbilA
72

1 FSURR—ME (hafk)

B2 FSUVRKR— (ERFR

Fie, TV VEMOBENCEOAT B L 0SSO RS
TE B HUERF O OZEA D LR LMt Z 1 S 57
BIT, MFHEICIEE IR ROEN D, LR EBH]
BOZ—RIZHLT, LobEi#ind B7edlc, MR A
NY—] ERED TR UTRELRFZTTo T2,

5T, FeEET LYy —ET IV LTV AE Tl
KD [Drive By Wire ¥ A7 L] ZHEBHBRL I ELT
RIS TERAIL, PuEE i rEoR Mtz H- 72,

1 50 D ——

AEFIVDRREI TR UTRE U TH a3
M) BRSO, iAEREEZ T LY y—ET )V

31 YAMAHA MOTOR TECHNICAL REVIEW

Development of the F300D Outboard Motor

D 2 (5L FICAEE UTRIRE S, T i AT
ficC. BEEEZ 3 AR ER LT,

AEF VT, TLVv—hiBIc CRMERATES
F300B ZHHEOR—ZA LI L TRELT, F300B
DHETHZ TRENL/T—] ZLomDEENT L
T REFVRABIBETY A EHET L TH
72 F250H IR LT, 50 EHOH 7 v FIcsflb5d,
14kg ORtRILEIZBILT,

1 ICEEH R, 93 ICHHRE R,

x®1 FTERETHER
5L F250H F300D
Hi 183.9 KW /5,500 rpm | 220.6 KW /5,500 rpm
g N 4 Zb+u—% V6 DOHC with VCT
PERE 3,352 cm? 4,169 cm3
AL 9.9 10.3
B 283 kg 269 kg
FERE 46 A 70 A
Xyt 2.00 1.75
SREL VX2 HVY v
v 7 P HR AH=HIv | Drive By Wire

X3 KX

3-1. ¥t (S5
3-1-1./89—1=vh

N—RETIE., HEFEEDOR T T AEH I H—IC
MAT, HERKOBMERENEZ N EXG A ANV T R
MLtz T, ERREHROA A VOB L ZFSTE
MTETCWS, Fio, PRV T X, @AM, S alfisgef):
ICTRMHE I NS L2 L, AN O moR
N LT,

VI ME T, 72 AR ERIZ i35z
ELUT, BORIEEGHSR s 7 & O RRBESRAT 2 It b 3 %



oM TF300D) DRH

HEEITH LT, BEMBHC KA X A=) A7 B KX &
7o

3-1-2. k547 1=vh

AETIVDIRKOFHIIFIAT 1=y b TH2 (K4,
B, WAz XYz, TLYY—ETILO
F300B T L TV eFVr—RA&DE 1 YA AKELRFY
r—A%ZHFMLE (®5), Zhuckb, NI TW»5F
YRARTV VT HREDETRFTHLT, LobeRNZ%z
File QoG ZvREL Uiz, FRICFVICOVTE, WD
gt BAICHE D E, Wil T RO IO HIR T AR 223 %
CLTHiEZ FFsLedic, hEZIRT 2L THlRTD
IS HBIIR LTz, Fiz, BLEmICB TS, RFTOMYI0ER
iR LIzce T, MmO TEE2Zm EL, KiEkiA
o KLz,

i
T
T
| 2
- =
 :
L

i 3

E4 FSA471Zvh

®5 Fvr—ALEE

Development of the F300D Outboard Motor

ARETFIVDRIAT A=y M, £ —DKELFMH
HB, TINHUT I YA ZREGFVr — A=A E
b T, FIATMES T MICEy F DXL HET
Teo TTT. ZTDALZWIRT B8, T Ml Eic, figt
B UTHRYI L a2 N—Y)L Va1 > MEEZ R L.
R E Yy F DXL WIS BTz, ORI, 2T 5E
KD = — R ABT=DIThE LT TV B =y MiFE
ICHBWC, SHEEREEHZRI-TCLICRELE RS,

3-2. tRiEfE. FIEEORL

{130 N 2 S ORA Te EA AT, g jiodig i
REBAFGANNIDRE LGS, KETIVTIE, HERODK
Z\ [SALTWATER XL series| 7ARTZRAILzCLICK
2T, AE~PEHREKD AT AP ZHERE T IV IO R E LA L
T, ENEREEIBILT: (X 6).

z

-~

X

N

X
=== F300D
=== 3008

0 1000 2000 3000 4000 5000 6000 7000

IV (rpm)

®6 RASARLEE

KDY= VETIVTIE, VE—FIYba—)Lh
v 7 A BRSO 2 — 7 )V THMIICBERE L T 168
NCEAIEZITI AN = AV T R DRI EN TV, L
ML, BERROMHT ZHO KR, LI tic k7
—7)ViHios, EHIE R T5CLIcis7—
TNOHBREDFKCED, VE=Faryba—)LRy 7 A
ZEET B ENEL AR L VMR > Tz, ZTT.
SREHETIVLELTIEVID T, Drive By Wire ¥ A7 L7z
f*H L7z, Drive By Wire ¥ A7 Lk, VE—harba—
R I AL B RR L, BRIEN 2 E5UE 51
Lo TIMENIE A D, B ZRAS S D SREhizC i
b, VE—barra—)LRy 7 ZOEAERE IR AR
Uize 5o b0BENONEWIEHD O T ME, D
WA 2 Ay MOVIEEMN W REL 720 B EPEDSTREERIC A |-
Lz,

YAMAHA MOTOR TECHNICAL REVIEW 32



oM TF300D) DRF

Development of the F300D Outboard Motor

FEHTROMNCIE, DLENSHz IS 3 23015 3 i > fa ke
VST, ORI T 2R TR0 F IR E,
AR IZFEAXBEIE DI N TEY, B EBHE 857200
BHOWRNREL 55, MAMEORERTHO UINZWY
Bienid, MNAR—RICRERZRELEZTNR RS R0n
Baedb, My 2 maE RO BRI &V, A
ETIVIE, T0A LW EFEERIZIRFILTED, BEKD
N OREILFRTEICHIKTE S E 2%,

Byl

XHEHE, ax—SvIVETIVONTI STy TET IV
L7%% F300D &, KM 4 Ava—2E7)LeLTidMEH
Z IR E D TS HTE ) Z23ER 5T e M TE,
BEREOWZBZS W B EEL TS,

ARETIVORFEZMEL, MHRPOL—Y —D LD Z[H
SHEZZHIAM L., iAW TZERICE, 5K
HMHL LV, “BRMEOMITZEZ5ME ZEiEd %
edIciE, W ELoMOefRL, ZOMRZ [l % w05
NH%, SHEBEMOFELO>MDEEVT, BRHBICH
DI R LRI B KD, BhEFT T,

5 B

Akihito Kotono
RUNEEZ N
G
ISR

33 YAMAHA MOTOR TECHNICAL REVIEW



7599y TRAR—YRK—p 12755D] DRIH

Development of the flagship sports boat "275SD"
Rz
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Abstract

Yamaha Motor Co., Ltd. launched its first jet propulsion boats equipped with engine and jet pumps mounted on
personal watercraft (PWC) in 1996. After that, the addition of the 4-stroke in conjunction with an extension of the
previous PWC, enabled the model to move from a jet boat specialized in running, into the category of a more full-
fledged runabout boat (a boat which is more open planned and designed for enjoyment in running and designed for
towing various items). The name sports boat is now used, and the lineup has been expanded to 19 ft, 21 ft, and 24 ft,
gaining the No. 1 share in each class.

Development of the new model “275SD” in the 27 ft class, higher price / high value-added area, is introduced here in
order to increase the business scale by further expanding the lineup, and to establish a presence as a premier brand

in the runabout category.
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Development of the flagship sports boat "275SD"
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W-43AF Utility Boat
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Abstract

Yamaha Motor's utility boats are multi-purpose commercial craft powered by outboard motors. In addition to
fishing, they are used in a wide variety of applications, such as passenger transport, tourism, materials transport,
and aquaculture work. Since Yamaha Motor began manufacture of FRP utility boats in 1968, over the following
50-plus years these craft have become a mainstay of marine industries around Japan, forging deep connections with
lifestyles and society itself.

The highly popular W-38CF was launched in 2007 as the largest of Yamaha Motor's utility boats, but in recent years,
demand has been increasing in key markets such as the Tohoku region and Okinawa for an even larger model. In the
Tohoku region, they are used in the farming of aquaculture products such as wakame seaweed, hoya sea squirts and
hotate scallops, which were also key fisheries markets to show recovery soon after the 2011 Tohoku earthquake and
tsunami disaster. In Okinawa, they are used for tourism such as mother ships for diving and snorkeling, and these
markets are showing healthy growth along with the higher numbers of overseas tourists visiting Japan.

To meet the requirements of these markets, Yamaha Motor has developed its largest-ever utility boat, the new
flagship W-43AF model.
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YMR-08 Industrial Drone
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Abstract

Crop spraying utilizing unmanned helicopters has developed principally around rice paddy pest control, now
accounting for more than 40% of this work in Japan. However, rice production volume in Japan has been on a long-
term downward trend, with traditional large-scale cultivated rice paddies decreasing due to increasingly diversified
agriculture and expansion of nearby housing etc. in recent years. At the same time, a wide variety of drones (a
general term for UAVs or Unmanned Aerial Vehicles) with three or more rotors are appearing on the market,
ranging from compact models (several hundred grams) for photography etc. to large models (5-30 kilograms) for
agricultural usage etc. These unmanned aircraft are bringing about what is called the “aerial industrial revolution.”
At the very least, still and video photography using drones is becoming a permanent fixture in our lives. Through
the convergence in recent years of drone functionality (which has become easily accessible and convenient) and
requirements for spraying work in the increasingly-diverse agricultural market (including the ability to cope with
small-scale operations, spraying on demand, and high-productivity and expanded usage), drones are anticipated to
cause a revolution in agriculture as well, leading to more fulfilling lifestyles for all.

However, agricultural multi-rotor type drones have only been on the market for a few years, and many of them
include parts, batteries, etc. more suited for hobby purposes. For the market phase to transition from growth to ma-
turity, it is necessary to offer drones which people find easy to use and deliver performance meeting their expecta-
tions. These were the requirements which the development of the YMR-08 drone, SP1-10 liquid spraying accessory

unit, and GR1-10 granule spraying accessory unit aimed to satisfy.

FAR) DS E DT —Z—Z R DM NBEDTE T fiji H &

13 Loble

AN 7 2T K B0 E R S KRRRAFRZ Huiic
FIELTETHED HARTOKRYBRDOAHILL 25 % Tl
RELTE R, L L, HARICE T %K 04 B ik o
M7z 5 <K THD GEE TR S DIEFIC K2 R
DEZRAEPBHEEEORMZZEIC XD HERD 5 DK BIE
KRR N ZE DD DDH 5B, — 7 D HEEEmZ L5
EEbNTWVBRI—2 (UAV:Unmanned Aerial Vehicle®

EDNWNIR AT BET T L) I OIREMBRED KA Z AT (5
~30F TS L)X TEMMEMRICHLE LTS, DL
O— N2 KB WYL, FA DERICHERITRELDDH
%, 2D, KO LA TEICZ> /e Ra— 2 OMRER GEES
BRALDHES S ZE T ORI B T Bl = — X UMK
Esehhis. SIRF A . 24 - RR PR R ENICABIL T 3
KBV TE MR U THRLDEEZLDEMLTINS
TEHRFEN TV,

YAMAHA MOTOR TECHNICAL REVIEW 44



E#MB FOo—> YMR-08

YMR-08 Industrial Drone
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Intelligent Factory
Realizing high-efficiency SMT lines that will not stop or be stopped
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In recent years, in the SMT (Surface Mount Technology) industry, while the performance of SMT equipment such
as mounters implemented in the mounting process have been enhancing, on a production line made up of these
machines, more importance is put on necessity to realize higher productivity for end users by providing high working
rates and maintaining high quality as a total line solution. Also, in technology trends, the use of technologies such as
“IoT (Internet of Things)” and “M2M (Machine to Machine)” play a major role in business, and the penetration rate of
communication infrastructure is getting higher and the cost reduction for storage, sensors, etc., is also accelerating.
This current trend is becoming more prevalent.

Here, we introduce “Intelligent Factory” , an IoT / M2M integrated system that aims to realize high-efficiency SMT

lines that will not stop or be stopped by utilizing “IoT” and “M2M” technologies.
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CELL HANDLER™ Picking and Imaging System for Single Cells and Cell

Aggregates
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Abstract

CELL HANDLER™ is a picking and imaging system that carefully, yet rapidly and precisely transfers single cells and

cell aggregates. Yamaha started developing the system in 2010 under the slogan “Yamaha Technology for Lives” and

delivered the first unit to Fukushima Medical University in September 2017.

Its main function is to pick and transfer single cells or cell aggregates of 10-200 pm diameter to laboratory

containers called microplates. The CELL HANDLER™ and its control system apply surface mounter technology.

Special materials have been developed for parts that make direct contact with the cells.

CELL HANDLER™ is intended for fields in drug discovery and cancer research, regenerative medicine, antibody

therapy, etc. This report introduces the technology and examples of specific CELL HANDLER™ applications.
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CELL HANDLER™ Picking and Imaging System for Single Cells and Cell Aggregates
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CELL HANDLER™ Picking and Imaging System for Single Cells and Cell Aggregates
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CELL HANDLER™ Picking and Imaging System for Single Cells and Cell Aggregates
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EF1800iS Low-Noise Inverter Generator
(Overseas Market Model Name: EF2200iS)

Wit e RiEGEE SFHFE ZAMKE IINRE XARKXE

Abstract

Demand for 2kVA-class generators is driven by their usage in a variety of situations, such as for power supply to
RVs or power sources for tools at home or on construction sites (in the U.S.A.), as well as power sources for tools and
night lighting on construction sites, lighting for street vendors, heating/refrigeration, and more recently for disaster
readiness (in Japan), making them the output class with the highest unit sales.

However, the emergence of low-priced, multi-function Chinese brands and greater output performance by major
brands has meant that existing models have lost competitiveness. Yamaha Motor has therefore developed and
launched its first new generator in ten years, the EF1800iS.

While based on the layout of the EF1600iS, the new model has seen improvements to the engine, which together
with the newly developed generating mechanism and inverter control unit has increased output performance.
Customer feedback has also been incorporated into improving operability and maintenance.

In addition, dedicated features have been included for specific uses such as camping (power supply to RVs) in the U.S.
market and disaster readiness/construction equipment rental in the Japanese market.

In this report, we will introduce the details of the new model's development.
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EF1800iS Low-Noise Inverter Generator (Overseas Market Model Name: EF2200iS)
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Shot Peening Residual Stress Application Leads to Greater Piston Forging Die Life
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Abstract

Yamaha Motors use forged pistons to reduce the weight of its pistons. In recent years, as the product shape has
become more complicated for further weight reduction, the load stress on the die during forging has increased. This
has been the cause of early breakage in the die themselves. Due to the shortening of the die life, depreciation costs
account for 14% of manufacturing costs, making cost reduction an issue to be tackled. In order to increase the cost
competitiveness of forged pistons, it is essential to reduce the weight of the product itself and improve the life of the
die used to create them.

In order to help achieve this, we applied compressive stress to the die used for forged pistons by shot peening and
worked to improve the die life by suppressing the stress generated during molding. As a result, a life improvement

effect has been achieved at 1.7 times, and this has resulted in a 40% reduction in die costs.
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Shot Peening Residual Stress Application Leads to Greater Piston Forging Die Life
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Application of 6000 series aluminum alloy to forged connecting rods

KEMEY RFFEL HULUERE

w5

T AR T a T HE AR T T 27 a0y RiE BRI B O A2 WIS B RO — iz 1o T 0, w7z R
DOENZEBTHTH B, MATAEFABRBICE > TIKR LR EDE LB R ETH . 060K, ikt T7a—Far X7
2aVETIVTHAYZIV) —RITIZ, EnEE L @i &2 0L &8 %728, 2000R 7 VI AEICEmUZ LIz T 71>
70y FERLTE 2, L L, 20005%R 7 )V I BB OMRHEL, BROERIUILNT RO IA T IO M %, AR Tl
FTRIE60005FR 7 LI BRI H U AR REE (RnR I, @i &1 257z La D MR E & R UBREHIRIC K 5 3 A R XY
VR UT BRI S B

Abstract

Connecting rods, a component of motorcycle suspension, are part of a mechanism that absorbs input from the road
surface. These components also require high strength. In addition, depending on the environment where water, and
soil etc., may adhere to it, corrosion resistance is also necessary. Previously, the YZ series, our off-road competition
model, adopted 2000 series aluminum alloy connecting rods with high strength and corrosion resistance achieved
through surface treatment. However, the material and surface treatment cost of 2000 series aluminum alloy leads
to a cost increase of the parts themselves. This paper focuses on high-strength 6000 series aluminum alloys and
introduces examples of achieving cost reductions by reducing material and surface treatment costs while satisfying

component specifications (high-strength and corrosion resistance).
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Application of 6000 series aluminum alloy to forged connecting rods
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Application of Beveled Cold Gear Forming to ROV Differential Parts
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Abstract

In recent years, high added-value components have been in demand in the forging industry. At Yamaha Motor,
progress has been made with near net shaping, but in order to make further improvements in added value, we have
embraced the challenge of bevel gear forging tooth forming of the constituent parts of ROV (Recreational Off-Highway
Vehicle) front differential units. Through the use of analysis, this initiative successfully achieved cold forging one-
process forming with difficult forging materials, thus establishing a low-cost production method. In addition, single-
gear accuracy assurance methods were developed and usage in mass production begun through the use of tooth
contact test equipment and three-dimensional measurement software for bevel gears. This report introduces the

initiatives taken as part of the application of beveled cold tooth forming.
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Method of Predicting of Flow Rate Decrease due to Fuel Pump Wear

REMF REH SHAHB FTHFFEEL LEFXN

HE

BRRLR Y T RIS & 27 I (LA R FIS AT L) Z RS B ERMD—D T AR Z WS § 51 > Y 2 7 2R 2 XS
B8N 2> TS, FIT AT L2k d 2/ i i D 5 8UE . 5T ABIRI O ISR IS B 728 FHTHIE A > R THY
ABMIANCH B, — /7, TNEOHIBTIIARNSZEN D LHIR D R EDRMA (LT REHT X AR ORDBZNTENHISNT
W5 MR X ZMIRIR Y T D FiRICHZY 022 TV A TETNTHHET 5D TE | —HEBDBRRLR Y TANIRA
T % CHUCKOIRRLAR Y T ORI THHRT — A 2 RT JN— R TIEFEL, T DR BRI T & 7
{EB¥EN D%,

ZTTEY IR E UTH A M AGER 72 FE i U BEREC ORI S O HERS 2 5 BRRLR Y T D XA R EEFEBIRICDWNT
BEUTC RS Z DRERZ L LTI BT 20 B ARBR OB RIS £ 2 ETOET Tk (DL R, R EE5) %2 Tl n]
REDMRGIE L Tzo 24 A M AGRER T RIARHITRIAE 2 Bl U 73R A B2 8 AU BRRLR Y 772 i (B & B TR D ke i &
BRRHT B 72 E LTz, T ORSAL BRI R AR R U7ehY, —E DI TLE Uiz, TDRRDORELAR Y T DR T —,
A YRGIVN=R T OEFROZ LB XUk RO 2L, Z 22l Lic X A ORI B K CHEBEMHEDHZ L
3otz TUTH ARMMAGER TS NIRRTl 2 A b O Riféds KU L RN e OB 2 — b L., i
KT A—T 0T e, i 31 2 RGO TR 5 2 TN Z 7eI iR R A —7 1S/ U Tlisc B0 244
RERY 75 2 A S ORiE s L CHEEZ Y T3 TP L7ETIRERTN I 2 RHR E OHER & i B LTk R
77 O TII U TE TIRAR N B AR R O HERS L 72 L LTz, NSRS OHER 2/ R LT 2 e b, Hiiic B3 20K
A2 ORREIREZ BRI AL TR F P —710S Td$H (L T 201 TOERG Mz PRI fGEHI K
MTEZLEZI5NS,

Abstract

Fuel pumps are one of the constituent parts of fuel injection systems; their role is to supply pressurized fuel to
the injectors, which then spray fuel into the intake port of the cylinders. In order to comply with stricter emission
standards, the number of compact motorcycles featuring fuel injection systems is increasing, particularly in China
and India. However, it is also known that fuel in these regions contains high volumes of dirt and other granular
contaminants. Contaminants cannot be completely captured by the suction filter positioned upstream in the fuel
pump. Some will flow through into the pump, causing wear in components such as the body, impeller, and pump
cover. This situation poses the risk that a pump may become unable to supply fuel at the necessary flow rate.

As a first step, we conducted contaminant durability testing, investigating the correlation between wear and fuel
flow rate to make observations about fuel pump contaminant wear phenomena. Based on these results, we evaluated
whether it is possible to predict the vehicle mileage until the fuel flow rate reaches the minimum level, i.e. the wear
life. Contaminant durability testing was conducted by continuous pump operation using particles of controlled
diameters and the fuel itself. Fuel flow rates were measured during the test and wear amount was measured after the
tests. The results showed that fuel flow rate decreased initially but stabilized as testing continued. It was found that
a correlation exists between the changes of wear amount in the fuel pump body, impeller, and cover pump as well
as the changes in the fuel flow rate on one hand, and the particle diameter and total number of the contaminants
which flowed through on the other. The correlation between the contaminant particle diameter/total number
through the fuel pump and the fuel flow rate obtained through the contaminant durability testing was converted to
a general expression. This general expression was designated as the “flow rate decrease prediction curve.” In order
to investigate whether or not the wear life can be predicted, the fuel flow rate correlation with vehicle mileage was
predicted by applying the actual contaminant particle diameter and total number to the “flow rate decrease prediction
curve”. This was compared to the fuel flow rate trends by mileage measured using fuel pumps which had been actually
used. As the two showed similar trends, it can be considered that the wear life can be predicted. Accordingly, design
adjustments can be made by surveying the real-world fuel contaminant particle diameter and density in advance and
applying it to the “flow rate decrease prediction curve”.
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Effects of internal stress found in electro-deposition permalloy plating film
on chromium molybdenum steel and stainless steel upon external stress
detection sensitivity

Al T EdH
AR D EEN HASIE A2 2018 44 (55162 D FH K 2 THELNEICEZIEZNA LD TH S,

SR

=

S

BT AMPEHERIEDNTORWEXS A2 T IR D HEZE LT 2 L BRI LT 2050 Rz
Wik BT @l ED DI TH S T EMFIRTH S, Z DI R T LU T BHRD GV S—I A D> EJ
(Ni-Fet34; 4 (B2 80 >0) 25352 U, Kb & VLIS 72 28 2 C 3 [ARFER R LS 09 2 IS T HUEIE 2l 9 B L L I,
IN=ROA S ERINAHET BRSNS ZHE L WERIST I IS TR 5 R B30 82 B 54 LT,

Abstract

The magnetostrictive mechanical sensor used in electrically power assisted bicycles is a force detection sensor using
the inverse-magnetostriction effect in which the magnetic permeability changes with the dimensions of the magnetic
material. This has advantages as it is highly rigid and is a non-contact type. As the sensor element, a permalloy plating
film with high magnetic permeability (Ni-Fe alloy; 4 (magnetostriction constant)> 0) was selected, and the effect of the
internal stress on the stress detection sensitivity was studied by measuring the stress detection sensitivity to tensile
& compressive loading and the internal stress that exists in the permalloy plating film for different base materials and
heat treatment conditions.
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Effects of internal stress found in electro-deposition permalloy plating film on chromium
molybdenum steel and stainless steel upon external stress detection sensitivity
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Effects of internal stress found in electro-deposition permalloy plating film on chromium
molybdenum steel and stainless steel upon external stress detection sensitivity
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Effects of internal stress found in electro-deposition permalloy plating film on chromium
molybdenum steel and stainless steel upon external stress detection sensitivity
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Effects of internal stress found in electro-deposition permalloy plating film on chromium
molybdenum steel and stainless steel upon external stress detection sensitivity
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High-Speed Supercharging Knocking Analysis by LES Detailed Chemical Reaction

Calculation
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Abstract

In order to improve the performance, in-cylinder combustion calculation was carried out as part of knock counter-

measure. Since knocking occurs due to cycle fluctuation, calculation was performed by a combination of LES that can

calculate cycle fluctuation and detailed chemical reaction calculation that can perform self- ignition calculation. As a

result, the knock corresponding to the octane number and the ignition timing was calculated, and new suggestion was

given about the knock mechanism.
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Table 1 Engine specification

Inline-4cylinder Turbocharged

Displacement 2.0
Bore X Stroke, mm 87.5 X 83.0
Compression ratio 10.0

Fuel injection type Direct injection

Table 2 Engine operation condition

Engine speed, rpm 5600

Volumetric efficiency, % 206.5
Air fuel ratio 12.7
Power, kW 222
Intake pressure, kPa abs 213

Table 3 Calculation condition

Mesh Resolution mm 0.4
Number of Cells 4 million
Time Step deg.CA 0.02
Number of Chemical Species 1387
Number of Reaction Formula 5739
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Fig.1 Engine geometry

Fig.2 Generated Mesh
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Fig.3 Calculation Procedure
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Fig.4 Comparison of the Results of Experimental
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Analyses of cycle-to-cycle variation of combustion at low load condition by using
high-speed PIV and direct photographing of early flame propagation
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Abstract

Cycle-to-cycle variation (CCV) of combustion is an important issue because it affects emissions and drivability.
Improvement of CCV of combustion has been carried out using electronic controls (e.g. ignition timing, fuel injection
and variable valve timing) in motor vehicle's engines. However, electronic devices are hardly used for motorcycle's
engines because of limited space and cost. Therefore, the engine performance itself must be improved to reduce
CCV of combustion in motorcycle. Though CCV of combustion is caused by CCV of in-cylinder flow pattern, fuel
distribution, temperature and residual gas, and ignition energy, it is difficult to measure and analyze these factors.
In this study, the simultaneous measurement of high-speed PIV and direct photographing of flame propagation was
carried out. CCV of in-cylinder flow was evaluated as temporally-averaged flow that was obtained by instantaneous
flow using low-pass filtering and cut-off frequency. As a result, in-cylinder temporally-averaged flow pattern fluctuated
between individual cycles. Especially, the flow pattern on the surface of piston at BDC was different between the
highest and the lowest cycle in IMEP. This difference is considered to be due to the location offset of tumble flow. Also
the fluctuation of turbulence kinetic energy (TKE) is caused by tumble flow offset. TKE distribution near the spark plug

at ignition timing affected the direction and speed of flame propagation.
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direct photographing of early flame propagation
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Table 1 Specifications of optical engine

Displaced volume [em?] 500
Stroke [mm)] 86
Bore [mm] 86
Connecting rod length [mm] 139
Compression ratio [-] 9.2
Number of valves 4
Intake valve opening (IVO) [deg. ATDC] 360
Intake valve closing (IVC) [deg. ATDC] 600
?g\l}gl)st valve opening [deg. ATDC] 130
Exhaust valve closing (EVC) [deg.ATDC] 360
Injection type PFI
Material of cylinder liner Quartz glass
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direct photographing of early flame propagation
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Analyses of cycle-to-cycle variation of combustion at low load condition by using high-speed PIV and
direct photographing of early flame propagation

Throttle Valve
Optical single-cylinder engine
. PIV tracer
o (B-6C)
7 >
- g Long pass filter
(> 370 nm)
~ 105 mm
Wall =l Dichronic  \aero Lens
- mirror

ND filer ’-\\

c 0 1ng)@

(> 500 nm
igh speed
00 11]@
(HR-532 nm)

- ‘ - \ i . MOS camera
- Laser sheet 00 a /
e Cylindrical lens
Double pulsed 105 mm
Nd: YAG Laser ~ Macro Lens
Concave lens
High speed
Convex lens ones heed
Laser beam
(SHG - 527 nm)
ulsed

Double p
Nd: YLF Laser

Fig.2 Schematic drawing of the optical setup

Table 2 Specifications of optical setup

J(ﬁ‘dﬁ%o) %*% TCi\ ,'§\J\1n77}2}‘])73&1/\ ,'#';)\Béf: Direct photo-
PIV b
WD 22deg, am\eﬁ v, ldeg Faﬂrrfmwwém graphing
Laser type Doubled Nd:YLF none
e EfTote . ZAaAy o3 7“%:@1@L7’C5‘ﬁ0i Hta Sheet thickness [mm] 1 none
DABHOBTHB I, HREBHROYID I E 5Ty Shottimings eeATDC] | 338714 | 27~ 153
Time resolution in C.A. [deg.] 2.0 (3 kHz) 1.0 (6 kHz)
HIAZZ At between two laser shots [us] 25@]ntake stroke none
X 3ICPIVO G HIHIPH I K R BACIE O b 2 g,  Jor TR-PIV) S0@Comp. stroke
- . NI <3 Frame rate [fps] 20000 6000
PIVOGHUIT (LS R T D L ALY V2Tl gue 0 Sare 02
QA0MMD A HH T ARG LIEEC A 2 i HLT ‘ ‘ ‘ 672x 1024 | 1024 x 1024
Spatial resolution [Pix.] (0.8 mm/vector) | (7.5 pix./mm)
W78, aHEI PR R 7 86mmicxf LB K Z 100 D40 ' =P
Measured cycles [cycles] 45 45
mmTH %, /o  KRAGREOFHI TR WA RLEICERL
Tz 1=, FHEEPHIE X Fh O RRRPY f THH > 7=fiPH e Uiz, S " N _ Analysis point of flow
EX Analysis area of flarne propagatic

<’ | Irradiated laser light sheet

I—»X ide vie L>X Top view

Fig.3 Measurement area of TR-PIV and analysis area of
flame propagation
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Analyses of cycle-to-cycle variation of combustion at low load condition by using high-speed PIV and

EEREM

AWFETIE ., DDA RBESR M 72 W Ge b LT figt b 72
11272, KRITIRGM 2 BB R B0 1000rpm, 5
HUKO ARZEIX70deg.CE L A/FE B K OEHIIL 728k
SCMEHIZ 1D A A F60 R oD 7 A R >
J 2 REL -5deg ATDCE L, S IAIVADF ¥ — T IEH
(3.0 ms& Ufzo BORIESIE I T E B 72 IARIIRIE 0 i
Y SEWIRRE TIIES B B 728 BERIE S BRIAREIH 180
deg ATDCOHFXA TS 2170, BRI 1E350kPa(abs.) T
—REE U, CTETORMZ—EL U, LR DO f5AF
D&z E 17572, Afflidnet IMEP CGRY 7 5% & A KR
SEYH T T 140kPak 350kPad 4611, A DF#
FATY MUVBEIC KM AZER G L ZNUTH DY TAM
FITH 2 XS RIS OFEIC X0 T T R RHE E B
5D Biso-octanex JHU Tz,

A PUL T TN VRO T A DT, Elf
MOMHT 7 A YV TR THITLIFTERVZT T HITA
REDIDT 7 A YV T 72 I L Th S K2 308 7% BEkk
RE & U, 2 Th Bk 5 Y A 7))V 25U Tz, 7535, 45
YA 7 IVEPIVICFH O T2 EHEREE I AT DFEEAEY OFERS 1.
2deg. [BIbR WA~ E T TR 2 B LT BRI, — IR ©
ZBHAIINDETH S,

Table 3 Experimental conditions

Engine speed [rpm] 1000
Water temperature (inlet) [deg.C] 70
Equivalence ratio [-] 1.0
Ignition timing [deg.ATDC] -5.0
Ignition dwell [ms] 3.0

Start timing of fuel

injection 6 sor [deg.ATDC] 180 (Exhaust stroke)
Fuel pressure (abs.) [kPa] 350

Load (net IMEP) [kPa] 140 350
Injection duration [ms] 2.89 4.12
Fuel iso-octane
Warm up time [sec] 30

Number of measurement [eycles] 45

cycles

B A 7 1V Bl —
EIGRR T D

FRINIRBI DY A 7V AL Z2 3l g B /e, T A )L T D
B2 V1 7 )V B 72 5 AT PRSI ) E LIRS V)
D53 RO ZZE) TR L 78 1T MU 7R 5700, H A4
H% I BERHE u 13X (D) BITRQR)TERE NS,

direct photographing of early flame propagation

ZOOARKD, BHREGE u &, 77 VTG Kul &L
N KGR EPFIFE a il o' 2 LT A 2V AR
M ouc TERITEDHIKS, TDTeE, YA T IVEBDIRO
N DFOXQR)D u M TDYE . X(1)BXTAQR) NS
RE)MSN, TI)VT—FORFHA DD,

u,=u+u' (1)
u, :<u>t +u'+u, (2)
u= (u) (3)

RO P LB 0 &SI D YT /3T 22
FE R PEE D OB NS ZERPEETE TR, BRI
MY A ZXZHNHIST VTV ERA—ISAT 2 )V AD
s ha (Reuss et al, 2000), LNUERMNS, ZERH A X1
RN DB el 24P ETE a (BT 2 29I
BEENZV T DD, ZE M3 E K L LES (Large-
eddy simulation) FFEAS R E O LERICIZEL TV 2 D8, KR
WA 2T 29 A 7)IVEB ORI IEEZ IR0,

R 72 O T2 ik DD TELDV (L—H Ry i
HEND IS KO EE DTz F Y > 77 2 7 U e
fiEttd 5L TOFERE LR Z YD 733 571 B AT JE R
ZPGEL Tz (FiAt, 1987) BIE TR L —YRAATD
PEREM EISPEO PIVTE EEY > TV T Dl ek Ie o T iz
B PIVDT —ZTELDVD XS IR DM 2175 LN T
&% (CKkafl, 2013) . FH5ETNE TSy bA T JH R
O iza— 82T 4V ZY K0 VA VAR =G
SRR O 2175 T &7z (Hokimoto et al., 2017) A
i L CHRERPFAEC X B A 7 IVE B K 77 72 3 T2
WOt 21T -7z,

1w M AT B ORE IR L, ZEEMSESNTAT
IV T O FGE RUC I3V 2 s i EE O] e 72 F O FFT
(Rl 7 — V) TZE ) I K B S i 2 17 > 70 M 41C X3
N X EIT/R U T2 sl D HUAS U T sl O JE i 550 87 —
ART MVERT K4 FEHEE RT3 5 s 1 O IF i
JEIEC RIS 7 5 > 7 iy MERINS TR GR IS 2 5 g, BRI
WG B EZFFTUIS D NIz 8T — ARZ MLT, Kl 8
B RENC T — 72713 ARGHI OV > TV 7 TR B33
kHzTH %72, F A FAMABENI1.5kHz TH %, 75 8.
HR RIS 45T 1 7))L DB T /RBRICA5 Y A 7))L
YT IR O %219, K4 (a)iCnet IMEP = 140
kPaZ&ft, [X14(b)icnet IMEP = 350kPaZ&ffOfEH %217,
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Analyses of cycle-to-cycle variation of combustion at low load condition by using high-speed PIV and

direct photographing of early flame propagation
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(a) net IMEP = 140 kPa condition
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(b) net IMEP = 350 kPa condition

Fig.4 Results of flow analysis. Time series data of the velocity magnitude at fixed point are shown in upper figure.
Power spectrum of velocity magnitude are shown in lower figure. Instantaneous flows have high frequency
component, compared with ensemble averaged flow. It can be considered that this high frequency components

are turbulence.

AFHN TS TEBPIVD T — 2 B i K1797 —
%(358deg.) THEHM . FFTOUHDERE L. 20D HFE(HD
T2 Wb EI N ESE N, Z T EBIORU 3
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WM Z& T Tz, 22 TONRT—=AXRI MV 2R UTZ1%. iR
I 2 e Uiz & hifl 7z 1deg. 37 DA X8 515 111
(179 - 128data) D/ ST —AXRT MV ET YT AL
oo R FFTZ2 BT B BRI Z B E LTN= 27 2 (Hanning
window) Z{Jfl L7z,

FRBUSRT ST —=ART MV BB e ARJE B S
= 100HZAPEE TRBEREFRE 7 >V > 7V a8
U—b75%, £ = 100Hz R0 5 & B Ui i T, 7
YT ISR HA IS BRI S8 — i
%o COWRRHR D & JE B I E LN KB 8D THD,. 2D
FERE O AT TRERPENSI VS Ay b A T 9580 fo
= 100Hz& EHE LTz,
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(a)icnet IMEP = 140kPaZ&ff. XI5 (b)icnet IMEP = 350
kPaZ&fF DR 72 1 g, I, IREHIRRIC 25455 A 7L, FR#R
1245V 41 7))V TS (net IMEP) DKo 1 7)b,
PR MEF IR T2 A7)V RS AS T A D)V T
VT OR R T,

¥5(a). (b) EEDRINH I EE XD RUKIRETIE-5deg.
ATDCTIHEL TV 373, 45N TH % 10deg ATDC
AL TIRFICMEE 725 D08 BEEIC K2 SO D EAYD
B A IBICKRERESDENEC TR DD B,
459 A 7))V h QBEZE 1% COV (Coefficient of Variation)
3. net IMEP = 140kPaZ&f$T7.91%. net IMEP = 350
kPaZ&fT3.35%&, 25 LA L7 ino Tz,
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Analyses of cycle-to-cycle variation of combustion at low load condition by using high-speed PIV and
direct photographing of early flame propagation
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(a) net IMEP = 140 kPa condition
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Fig.5 In-cylinder pressure and rate of heat release in the cases of net IMEP = 140 and 350kPa condition. A big
difference appears in the cylinder pressure between highest and lowest load cycle. Also heat release rate in the
case of highest load cycle raises from an early period, compared with in the lowest load.
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= 160 Lo & o8 =360 % % 9
) % Y

=, 150 erS % B 2450 | © %«% o8-
A, 140 G, o % @ &2
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L o o Q Q °o % o©
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(a) net IMEP = 140 kPa condition
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(b) net IMEP = 350 kPa condition

Fig.6 Results of combustion analysis in the two load conditions. As basic trend, net IMEP drops when MFB10
retards. The difference of net IMEP from the average in the lower load cycle is larger than that in higher load cycle.
Relationships between net IMEP and MFB10, MFB50 and MFB90 are obtained linear.
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Analyses of cycle-to-cycle variation of combustion at low load condition by using high-speed PIV and
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B Y 0 7L/ S et net IMEP, £5#EilicMFB10
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D10% IFELIZV T 74 Mass fraction burnt 10%) & &
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&.net IMEPH R EAL NI 5H A7)V TIEMEFB1O®ES T
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[umble idirection

direct photographing of early flame propagation

ST BV TESMEENI Enet IMEPIZY =7 72 iR MEE 7%
D, FHAAANENSIZE net IMEPIXE R 2HESN
7o

NAEFNBERE TR FEATNTMBT & O & BRBE FLOANES L
TWVBEE BBV 9 51F Enet IMEPIZIINT %,
MBTZH4aMFB50 = 8deg. ATDCTH V., A5HllFSH DL
A MFB50IEMBTH H3E MRS LTS 128, BRBERTA A
HEf 9 B A7)V Enet IMEPIZHENINT %,

DL - ORRBERATHS R KD BRBEZS T (net IMEPODZSH)) 1.
BRBENIAH D Z B DK E L SIRBEN A & net IMEPORY
RV =T ZFRTH ST LD MFB10DZH), DE O )]
BEBEDZ B D LRI TH B e b ol ZTTRO MM
LB T, X6 LB R LRI B X O HALTHAIZRA
EFEY A 7N BEUOHIMEGY A7)V H U ARG
FE KRR TORNTRINC DWW T Ofifli 21172,

5-2. IEAN KR RDY 17 IVEE)
HIFARRGED Y A 7 )V S B 2 13RS B 728D, I TICHABEPIVE
[ L 7o K R D Eelg Wi 2 R 97 ST TR IR X
Ui/ MEFY A7)V 7% Hlig Uiz, X7 (@) icnet IMEP = 140
kPaZ&fF DI KA G A7)V K7 (b)IC [ A faf O i/ ML G0

-5 deg.ATDC
(Ignition timing)

5 deg. ATDC
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(a) The highest load cycle in net IMEP = 140 kPa condition

-5 deg.ATDC
(Ignition timing)
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(b) The lowest load cycle in net IMEP = 140 kPa condition

10 deg. ATDC 15 deg.ATDC 20 deg. ATDC

(c) The highest load cycle in net IMEP = 350 kPa condition
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(d) The lowest load cycle in net IMEP = 350 kPa condition

Fig.7 Direct photographs of an early flame propagation. The flame propagates toward tumble direction in the
net IMEP = 140kPa condition. However, the flame also grows toward counter tumble direction in the highest

load cycle.
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Analyses of cycle-to-cycle variation of combustion at low load condition by using high-speed PIV and
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Fig.8 Comparison of the temporally-averaged flow pattern between the highest and the lowest load cycle in the
case of net IMEP = 140 kPa condition. The wind-up flow from a piston head during compression stroke in the
highest load cycle is stronger than that in the lowest load cycle.
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Analyses of cycle-to-cycle variation of combustion at low load condition by using high-speed PIV and
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Fig.9 Comparison of the temporally-averaged flow pattern between the highest and the lowest load cycle in the
case of net IMEP = 350kPa condition. The wind-up flow from a piston head during compression stroke in the
highest load cycle is stronger than that in the lowest load cycle.
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Fig.10 Comparison of spatially averaged kinetic energy and spatially averaged turbulent kinetic energy. KE in the
highest load cycle becomes higher than that in the lowest load cycle during compression stroke. Similarly, TKE in
the highest load cycle becomes higher in the latter half of compression stroke.

YAMAHA MOTOR TECHNICAL Review 114



=i PIV 5HiflE K UAIEAR RAGHERTRILIC & BIBEAFEEIIC S BT 1 7 IV EENDRZIR

Analyses of cycle-to-cycle variation of combustion at low load condition by using high-speed PIV and

¥—2&ll . ZDHTDCIC AT DN LT L)
MMESN Tz, 2OMIIEMiller5 DL THIEEN TN,
10(@) BETX10(b) DE B SD AN TH, AR TR
TRIRA/ T MEF A 7))V CTKEIC K E 757513750 HS, JE
TR TR K L A 2V D S B TKED <750 AL
Ty b CORTE—IIEEEA L TR DN S, 714
deg ATDCO 5K R 1 deg mi O 2 HLTE RS A
VDT R IE- T,

Wi TR Tz, 2 7 VIS O 7 B e TEAET TRE R O TKE
J@ D BR 2 3 B 728, BDCIC 3313 B IR -3 S 2 —
V& FDBDERTTRIC I3 B TKED JE % LElE U7z fl 53
ZRINTIRT K11 (BXTKI11(b) T FNENDEMISE
TR ZHIE L Tnet IMEPAY WV, BXTIEWH 17L&
DO L, ZDHDTKEDJ@ i 7 L Uz A KINSR T
TKERREE . K10 FBASORUIZAERE T TH S M, ZDHiH
Siamet IMEPY A7)V &2 T, {Knet IMEPY A 7)1 %2 5&
TR 58,757 DI E K OBDCIC I B RE -

direct photographing of early flame propagation

ORIy T NMIORUe A 7NV FHE LTV 5,

FERONTMLVy 78D K11 (BXTH11(b)EBEHD
ASEIFIC BV TE net IMEPHME R348 A 27U T, B
KHICRT &KSICBDCTIRE A Vit E&IS X5 &N
MERENTEHD, 227 )ViREE D4 M (W50 VT 35D)
IZA Ty FLTWVWBEF A%, — /i net IMEPD <k o7z
YA VTR, ZFOHmANVAZ— VIR TET Ny Rl
Freiin, IFEA N R SEN IR A CTED,
2T VRN DBDCICB W TR HFLEBICAIE L TV
bbb,

LKNCR S TKEEREZ L5 L | Finet IMEPY A 7))L Cld,
JEREI TR IS BINA TKED E — Z (i@ CTEA LT
HTENDNB T, K11 (b)D#044D et IMEPY 1%
JUTCIE.BDCICBWTE A RVt EiiE & AL IR B
EMRT BTENHRE VD, ZO%RO MR T, JE
WIS OWTKEZHER L T AT E DDA S,

Individual cycles

Higher load cycle

Lower load cycle ‘

Spatieﬁly averaged
turbulent kinetic energy [m?/s?]

#037 #035 # 042

Velocity magnitude [nvs]

S
01234567

540 570 600 630 660 690 720
Crank angle [deg. ATDC]

(a) net IMEP = 140 kPa condition

Spatially averaged
turbulent kinetic energy [m?/s?]

#044

#010
(b) net IMEP = 350 kPa condition

Velocity magnitude [m/s]
[ aa— ]
012345%67

540 570 600 630 660 690 720
Crank angle [deg. ATDC]

Fig.11 Comparison of spatially averaged turbulent kinetic energy and temporally-averaged flow pattern at BDC.
TKE becomes lower in the latter half of compression stroke when flow pattern along the piston head existed at
BDC.
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Fig.12 Comparison of temporally-averaged vector map and TKE distribution at 1 degree before ignition timing
(CA =714deg.ATDC). Strong tumble flow exists in higher load cycle, and high TKE spot also locates on the right
side of the spark plug in net IMEP = 140kPa condition. This high TKE spot increases flame propagation speed

toward counter tumble direction.
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	製品紹介
	01_家族の思い出作りを応援するファミリー向けスクーター「Free Go」の開発
	02_Refreshing Sporty Compact Scooter RS NEO「LSR125」の開発
	03_船外機「F300D」の開発
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