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The Critical Importance of Customer Value Perspectives in These Changing Times

Recently, the buzz surrounding the IoT and EVs has become even greater than in previous times. Do you
also have the impression that the world is changing at unprecedented speed, the largest changes since
the Industrial Revolution in the 1800s? It is an era in which we must prepare for the risk of long-standing
competitive advantages suddenly disappearing overnight. Given this possibility, we, as engineers, must
always be thinking about what type of value (greater value than our competitors) we can provide to what
people, and in what regions. Even as the times change, and as the focus of our technology moves from
Mono (product functionality) to Koto (the experiences obtained from products), this approach does not
change.

As engineers and researchers, we tend to focus on the functionality and technological superiority of the
technology and components we are developing. For example, in the field of e-mobility the focus is on the
development of lightweight and highly-powerful motors and batteries, but it is necessary to pursue this
development with an awareness of to whom and what kind of value these types of mobility will ultimately
provide. Of course, it is obvious that the elemental technologies themselves are still important.

The significance of value changes markedly depending on where and what type of customer is involved.
We must also not forget that, as the times change, the value demanded changes with bewildering speed.
The value for the customer can be expressed as functionality divided by price, but as values regarding the
environment and safety have shifted significantly in the last few years, perhaps customers are becoming
more forgiving of the pricing denominator. In addition, the perception of value is different for a customer
spending several million yen on a motorcycle as a hobby, and someone purchasing a scooter as an
everyday necessity. We anticipate that the weighting placed on the value of the product as a simple means
of transport will decrease in the future. Given this likely trend, from the perspective of Monozukuri (engi-
neering, manufacturing, and marketing), we would like to strengthen areas such as the pursuit of value
which “Revs your Heart”" in the hobby field, and areas where value is likely to increase in the future, such
as safety and environmental friendliness.

I believe that how much of this value can be found or created affects how much INNOVATION? we can
embody. Innovation does not only mean creating the century's greatest invention - innovation also springs
just from a recombination of existing technologies or changing the approach slightly. If it satisfies the
demands of the community or customers in this era, even a small Innovation can create surprisingly large
value.

However, innovation is not something which comes to mind by setting a day aside to think about it.
Having wide-ranging curiosity every day adds to the inputs to your work, which leads to creating small
innovations in outputs through showing little elements of ingenuity and the spirit of going the extra mile,
thus collectively building into larger innovations. If we must raise value without any innovation, the only
way to achieve this is to lower prices, and we would fall into the trap of destructive competition.

We should treat the current significant advances in IoT and EV-related technology as a great opportunity
to create innovation, and I believe that it is important to promote technological development which
suits the unique style of Yamaha. Engineers must always be aware of what kind of value their fields of
technology and research can ultimately provide to what type of customer. Furthermore, so that research
and development - which are means to an end - do not become ends in and of themselves, it is important
to always have an image uppermost in mind of delivering Kando® to customers by providing value not yet
seen in the product groups and regions in question.

1) The brand slogan “Revs your Heart” expresses Yamaha Motor's intent to - through a wide variety of Innovations and products which
create Kando - bring Kando and excitement to customers in the same way that revving the engine provides power to vehicles.

2) In order to achieve the Yamaha Motor Corporate Mission of being a Kando Creating Company, and to encapsulate the brand slogan
“Revs your Heart,” the unique style of Yamaha is defined through five key words: Innovation, Excitement, Confidence, Emotion, and Ties.
3) Kando is a Japanese word for the simultaneous feelings of deep satisfaction and intense excitement that we experience when we
encounter something of exceptional value.
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Abstract

An essential element of enjoyable driving is having the vehicle respond faithfully to the driver's operations. To achieve
this, it is necessary to create a sense of synergy that enables the driver to direct the vehicle as if it were part of their
own body. As one element of automotive business development, the Automotive Business Unit has been working on
developing automotive chassis technology that appeals to the drivers senses, and in 1997 and 2001, we commercial-

ized the REAS" and the Performance Damper”™"

respectively.
Currently, we are researching and developing a new component to follow on from these: the innovative shock
absorber, TRAS (Through Rod Advanced Shock Absorber) that employs “Negative gas reaction force.”

This report discusses the development of the TRAS, with a focus on the product attributes demanded of vehicle sus-

pension (handling stability and comfort).
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Development of the "TRAS" automotive shock absorber
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Introduction to the satellite-based long-distance, programmable-navigation
operation of the FAZER R G2
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Abstract

Yamaha Motor developed the FAZER R G2 programmable-navigation unmanned helicopter in 2016 as a highend
model industrial drone which was based on the FAZER R"' unmanned helicopter for agricultural chemical spraying
released the same year (Fig. 1). The aforementioned FAZER R was a model which improved on the functions of the
FAZER released in 2013 and featured superior payload (weight which can be carried) performance, and the recently
released G2 adds programmable-navigation functions to the FAZER R.

Unlike the FAZER R, which was directly controlled by a human via a transmitter while within that person's range of
sight, the added programmable-navigation functions of the G2 allow it to operate outside of the field of view simply by
sending basic commands from a controller at a base station. To that end, the G2 is fitted with a transceiver to receive
radio waves at long distances (several kilometers), as well as a camera and video transceiver which allow the operator
to control the flight of the G2 by looking at the images it sends.

Various practical limitations have now been resolved by equipping the G2 with a satellite transceiver, which dra-
matically expands the range in which it can be flown (Fig. 2). As a result, it is now possible to take full advantage of
the intrinsic payload capabilities of the G2 alongside its potential in areas such as upwind performance. This report
describes development of the functions of the G2, which is based on satellite communication enabling long-distance,

programmable-navigation operation, and provides examples of its operation.
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Development of Mass-Production Shaft Plating Technology
for Magneto-Striction PAS Torque Sensors
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Abstract

Yamaha Motor launched the world's first electrically power assisted bicycle (PAS) in 1993. Since then, the PAS riding
experience has become increasingly refined thanks to greater battery performance and the drive units becoming more
compact and lightweight.

The core of the PAS system is the drive unit, which is made up of the motor, controller, and torque sensor. The torque
sensors used in early electrically power assisted bicycles used a planetary gear mechanism installed on the same axle
as the crank to detect the rider's pedaling effort. However, an issue with this method was pointed out - that the pedal-
ing effort required increased due to transmission loss. Since 2003, magneto-striction type torque sensors have been
used, which eliminate mechanical loss through direct detection of pedaling effort by a sensor installed on top of the
crank axle'".

This report introduces how - aiming for further cost reductions in magneto-striction torque sensors - Yamaha Motor

succeeded in mass production of torque sensors featuring a high-sensitivity magneto-striction membrane created with

alloy plating.
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Development of the New Power Tuner

A EZ RENE FEREE KHEER

Abstract

Yamaha Motor has developed a new power tuner to be standard equipment on the 2018 model YZ450F. This system
aims to tune engine characteristics for off-road competition, through fine mapping to suit variables such as rider
preferences, course characteristics, the weather, and surface conditions. The development project additionally aimed
to make operation easy through a smartphone interface. The target users are those who participate in off-road riding
events and amateur racing.

Issues faced during development were as follows.

The first was the restricted locations where the communication unit (CCU: Communication Control Unit) could be
mounted on the motorcycle. As well as of course meeting mounting requirements in terms of dimensions and weight,
the CCU to be mounted had to clear environmental resistance conditions equivalent to the ECU (Electronic Control
Unit). The next issue was easy to use functionality to take advantage of the smartphone format, as well as design and

operation to suit racing environments. Development of the new power tuner aimed to overcome these issues.
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Fatigue Life Prediction of Welds in Motorcycle Frames on a Rough Road

B2 47 #8 T

b E IV

Abstract

Product life cycles are shortening hand-in-hand with diversification and individualization of customer needs. To
respond to these changes, we are working to expand our product lineup and shorten development lead times. In addi-
tion to this, two aspects we have focused on to date - reducing weight and vibrations - remain indispensable develop-
ment requirements for creating attractive products. However, amongst these wide-ranging targets for motorcycle
development, the customer safety elements of durability and reliability must always be our highest priority. The plat-
form development that we have been implementing in recent years introduces yet another requirement from the per-
spective of global roll-out - the need to factor in diverse usage environments.

In the pursuit of vehicle durability, we have worked to streamline testing through evaluation of individual parts and
bench testing that replicates the actual running test, as well as reduce the number of prototypes and evaluation tests
through design verification using CAE. However, the current development strategy demands that we not only stream-
line but also identify issues upstream, clarify the tradeoffs, and come up with the optimum solution in a short period
of time. In response to this we have developed the fatigue analysis process detailed in this report to enable design-

stage verification of welds for frame durability.
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Technology Introduction of Low-Speed Automated Driving Mobility-Based
Service System

A R

B2 47 #8 T

Abstract

Over the years, Yamaha Motor Co., Ltd. has developed various automated vehicles. Examples include a low-speed auto-
mated vehicle running along an electromagnetic guide line'"’, an automated vehicle relying on the high-precision RTK-
GPS used in surveying and similar applications”, and an off-road automated vehicle functioning with a 3D LIDAR and
three-dimensional maps'.

These technologies are currently serving as the building blocks for the development of a mobility service system that
allows on-demand dispatching of multiple low-speed automated vehicles. Looking ahead, the goal is to make a low-
speed automated vehicle-based service, covering resorts or a few square kilometers in the city center, available to the
elderly, people traveling with children, people in wheelchairs, and other average users.

This paper presents an overview of the above mobility service system. More specifically, the Virtual Guide Line (VGL)
system that performs automated driving based on identifying the vehicle position using the feature values of asphalt
and other road surfaces, as well as the control server that performs intersection arbitration and on-demand dispatch

of multiple low-speed automated vehicles, are described.

& Lable

YFEIE CUF, 44 TRINETIE, SETX

BETH B, TOTTINSDEHELRNE Y — R EE
NBTET, B OEME A EA T TD NS, 1=V,
HEYDAY—h 74> EG SNl NEROZ T Ly

BEBETHEm L TE 2, MIZE, BRAERICK
BAGEABE T R, RAETHOSNSERED
RTK-GPS % i\ /= FBh 47 . 3D-LIDAR & 3 Kkl
Kic kB4 7o—REABE TN ¥ %ETH5,

BUE, TNOOEMiZISH L, SO BT
ZA VTV RTREN AR (B —EAS AT L) 2
PIFELTWB, FERINICIE, &Eimd. ~dhn, BHUOd R
BREEGL WOI—F MG U, BFrpu g
DILE DO — b x & TOEABETHEIC X S
P—EADFHZHIFEL TV 5,

AEAFENT TR ERdBEY—C A X7 LOMEICD
WTHIT %, BARIICIZ. 7 AT 7))V N xE ORI O
B2 WA E T IC K> THBE 9% VOL (Virtual
Guide Line) Z##KLIAGE A8 ETHB B X THEEB O
(EGH F B 7 I O 5822 MERE A Y TR U Rl Hi R 8 7
TEHY— NSOV THIT %,

B 2R
BV —E A A7 LOMEITDOWTHHT 5,
AT AT LE, EHROMGEA B ETHE Zn 5 a2
S 2E R — LI K-> THREN TS (X 1),
B —E 23, AX—bT7+ 2 OBHT 7V H SRR

27 YAMAHA MOTOR TECHNICAL REVIEW

MADT TN HINMZ A1 58T, HEETHIC
KB HWhETORENREL 55 (K 2),

sorco) PPM Server System

Management Aps.

Maa$S System

H1 #BEY—ERAVRATLO2HHER

X

User

]
Vehicle Reque: Cancel Order
N <Soeend>> <<incils

:” <<oand>> N L
alculaté | et
Travel Time ; Destination

Arrival

K2 B#}Y—ERAVRATLOI-RAT—R



EEEEETERICE 588 —EX Y X7 LEFiHET

Technology Introduction of Low-Speed Automated Driving Mobility-Based Service System

VGLEBH L BEE G

BV —C AL 27 LEEBEOHEE Tl K- T
KERRE NS, EBETHIENC I B A BN D EETH Y,
AHRDEIIC, ERHGFEHR. WEZETHOSNS FkEE
7% RTK-GPS (Real Time Kinematics -GPS), L —#Iic&k-
T2 3 ol nlREZ: 3D-LIDAR 72 W7z FHif
i Rl SN E TICBIR L TE e

AF i %3/ Tk, SwRI(Southwest Research Institute)
L OILFIMFETHITCFE LTz, T AT 7))V Mg E DK D
R KO BHEMERE 217 ABET TS AT LTH 5.
VGL (Virtual Guide Line) " 12 &5k (1 Bi:1 7 Hifli 243
NT %, TOHBOIWEIZK 3 1TRT,

VGL &, HMEBICHREINTAAT (K 4) Tl
TS SR, FRTCRERLTZ Y T T — A= 2D Hie
W (Wi~ F>7) $528T, HliOMEZEANHx
I3 5 HHAENERREZ A T2, Ko, FEr—
VY AT LK TROSN T HIHE TOREKE H Hif
ERHREICHDE, adE 20km/h TRESZBHEETTT
ZFREICINA, RRE ISR E ) 2 D U T BRI o ) 72 Jk
F7213 451 &% 3D-LIDAR IS KB b RRifkshe & 0im 2 C
W5,

3-1. VGLIIBREDRE
bid VOL AT LN EEETH S, MiE RIEHRE
IZDWTKDFFHNCEIIA T %,

o]

K3 VGL VA7 LEH.EEEBETER

LED Assemblies

‘\\ ‘ of Camera

Camera

Side View

Bottom View

X4 HEREEIROVGLA X S&LEDEREA

5 VGL Y AT LDO7 a7 X7z mRd,

ANLE [FEBEREIE . B EEICINO I SN AT L,
LR ES 7 s 9 AT b O ## 0 LED B, RTK-GPS
KO & IEREIZ S B D LM% DGPS (Differential GPS) &%
AL PICKo> THEREN S DGPS-IMU, > ha—Jick
STHEREND, £io. BEHETBHGEALE N He 2 6 ST
AELIe Y T T2 R—=2 %4 L TW5, VGL THIEST

. . . Detected obstacles
Lidar ——>| Object Detection affect speed
command
=T - - - - - = = = = "= "= "=-"=-""=-""=/-"=|,~"~""~""=/-""=-"= |
. Speed inputs form I
I various sources > Speed MUX Commandsfor
1 Vehicle
I Actuation
1 Pure Pursuit Steering Vihidls
I Path Planner Controller
User 1 |
Interface 1 1\ Vehicle Speed, IMU and GPS (if available) are |
fused with Ranger measurements in EKF to GPS/
’]\ 1 EKF provide continuous high precision positioning 1
User interface | I IMU
provides basic I |
visualization and 1 | ]
routing controls 1 V_GL ) | VGL
Localization
1 | Road Camera
Routing $ | Texture
I | Image
| VGL Maps I LED
I |
Core VGL System

5 VGLYRTFLo7avIE

YAMAHA MOTOR TECHNICAL REVIEW



EEEEETERICL 588 —EX Y X7 LEFiHET

Technology Introduction of Low-Speed Automated Driving Mobility-Based Service System

21, FRICCORY ST == T 05
Mbs, Iy TMERDTTERR 6 1RT, v 7 DIERRIE.
VGL 72 #5#k U7z Sl TR {5, DGPS-IMU, A RFARVJIC
X2 HH G2 FIRFIC B LA DD AR L —RIc kB =a
TIVERE Tl g 228 TIT9. CAUCKDEEKITT 7 AT v
WSS BE N HZE <Y 7T =2 RX=ZA Bl 52k
MATHEIC R MY, ESICHEL TRk U7z i i i {50 5 4270
RIAEELTZLDRMB XS, Wi~y F 27 OEMMiTO&
THbydeerlic. ZNUTHILNT 2NEZRAE RO LR
R/NCT BHIEAE T TS (X 6(b),
HEIETZITOE. K7 @) ISRT XIS, HATIEKST

i LT B i SRS i 77 AF- Y DR L, X7
(b) 1SR T KDNCTHIRE Y Y 77— 2R — Z O i {5175 ¢ & i {5
Ry FUTER D, TOUHICEOK T (o) IRTXICZEN
IS LT BRSPS E RN TES, £ K7 (a)
RS KIS, ROLNTABELTGHRIE T/ NA MR B2
HIZ, DGPS-IMU DA i ZEME iz fhik V< > 7 1)V
% (EKF : Extended Kalman Filter) 1c&->THliseLTHED.
EIT 7 AFv 72— RNICHUS TE R WA TH>TE VGL
X AT TS B E R A2 (95 e AT E D,
CO VCL iR, ikl O i [H & Bl RTK-GPS
DL 1 ook g T Lt A i 2 B 9 5 e M RTRET H %,

Auxiliary Localization

ensors
m

Wheel Speed
(Odometry)

GPS

Im

Step 1: Step 2: Step 3: Step 4:
Data Collection Segment Detect Optimize
Generation Overlaps

(a) BEY YT T—2\—XEBHILIE

(b) BEE< Y THEiE

B6 VGLYRTLOBES Y TER (v T EFLE)

Auxiliary Localization
Sensors ;
GPS IMU (b) BBETVRAFYIVFVIRER
Wheel Speed
(Odometry)
- Estimate l
Image Matching Position and
Orientation State

Estimated Position

(a) MERELE

(0 BEfIERERR

®7 VGLYRT LOfiERERE

29 YAMAHA MOTOR TECHNICAL REVIEW



EEEEETERICE 588 —EX Y X7 LEFiHET

Technology Introduction of Low-Speed Automated Driving Mobility-Based Service System

3-2. VGL i EF)E D sEETE

TAI 7V, a7V —heEfTLIzBED VOL i [HE
FEEDORXSDERX 8 DL ARNTLITIRT,

8@ ImT I, TAI7IVE ETHNIX,
2.68mm DR THINITE %, 72K 8(b) IT/RT LI,
T AT 7L T MR E DR A D iRnar 7y —h
TH>TEHE 4.24mm DR THIN TE Tz,

— s HEEF TS AT L TR EN S RTK-GPS D
AAE 20mm ~ 200 mmFEEEL IR U T, JERICHEWVOLE
[AEREE 2 VOL A LTV AT DR TE T,

700

600 -
o 500
@
o
% 400 -
(%)
k]
5 3001
Qo
€
2 200}
100 |
0
-0.02 -0.015 -0.01 -0.005 0 0.005 001 0.015 0.02
Lateral Distance From Mean Path (m)
(@) 7AZ7IVNCORRITERERA NS L
250
mean = -0.155mm
o=4.24mm
200
172
Q
£
£ 150
(%2}
k]
2100
S
=)
z
50

0
-0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04
Lateral Distance From Mean Path (m)

(b) A7) — b TORGIIBRERA NS L
8 VGLMEBRIEDRBE (FAZ7IV.aV7)—h)

I

R — N, Y= SR B E T O 2 4R
il 2ce T HEETIC KA BEI T —E X2 FBILT
W5, BAICIE, A= 7+ RMTOHEESTHE O
A2 7= 2 FRCH AR FB BT T[] O3 A T D A
L—AEEITE RO O GIRFHFHERE R A /2. EBIC,

I— PR HRFREBAIBERE A XL — X1 O#E ] T P
PREAREB KL,

COERIY— " DOIEARE iRzl 27—
N—2%, UL E0BERE) 275y b7 +—IME
THIELT, HREREDBEY—CXT7TVDMFRICTENTE
2391l

1. BRI —NTSvbT74—L

FRd BRI —NT Ty E T A= DWW THIT %,

EATHH O HBETTHI I LT — SN A7 R ]
ANz BTE T, AR TOHFKEEZFBH L T\Wa, T
DX ITAUEREREZ IS B70DIiE, TUTIVRA L
a7 7 Akl TedFaUu7s]) HREOMREMHZ
W72 —NT Iy b T+ — L il 7%,

ZTT. UTIVEAL LR KB O T 71 ZEERE. (S5
P EDMERERIE D RO SN BREZFING 2 AT LN TERIHHE
WMobz SLAT7T—F70Fv) P eic, EidtkremrE
il iy —F 7 o F v 2iE L (M9, TLET
—FT7FviE. UTIVEA LD EERENS T — 2R
ROT—2EE, W26 5807 —2%27L
TS 2D LI —F T 7 F v THY, T—XDOFHE
T IR 2 R T E 5 e 2R E LTV B,

O —F 77 F v Tld, LitOTERER M Z 7z 9
fedic, HEETHE Y — N TITbNZEET — 2D
ez oM. U7V 2A LN ESRENS T — R DN T
i& Speed Layer Data Base & Speed Event &IC &> TR
ZTLT. HBOATEL I I 2 AR LB O 5 d
I B LT,

— Data Flow,”API Call
------ » Event Driven,/Push Notification

Partner
Service

Partner
Service

Partner
Service

Service Layer
Mobility Service Service Management
Mobility Function Layer
Basic Mobility

A

Personalization

Data Source Layer
Speed Event

4

Speed Layer Database |

Map Data Storage

K9 EHIY—NTSYrTI+r—LOREBTT—FTIF+

Vehicle

Batch Layer Database

YAMAHA MOTOR TECHNICAL REVIEW 30



EEEEETERICL 588 —EX Y X7 LEFiTHET

Technology Introduction of Low-Speed Automated Driving Mobility-Based Service System

__§uin
TENetwork |1 s ‘ . 4
I L Vv
= i g = T \] Amazon Internet
5 . g EC2 1
y 1 S | - Service "
ISORACOM At Management! | ™\
I Air - i~ | D FER
! | o [ s, 1 Operator
1 | I
1 SORACOM Amazon Amazon Amazon o
z Canal ! vPC o B EC2 I O
£7 - | 2 | - Basic Mobility WEB-API I
e | H | - Mobility Servi I Partner’s
1 | [ Service
1SORACOM I I Application
1 Air 1 I .
] I I
! 1 - 1 z
1 5 | Amazon .0
57 | S | Amazon Amazon Amazon EC2 o
L. 1 H ) Kinesis S3 YAMAHA'S | .'.f"' “.\.'.
. 1 a ;! -Speed Layer -Batch Layer -Map Data Service I == =
|SORACOM I Database Database Storage Application 1 Users
v\ Ar I P 1

B10 EBHIT—NTZvrT+—LDRE

ZLTC 7 —F77F v, K10 IR XIICTTTR
PaaS(Platform as a Service) ¥—¥ 2D AWS™® |- CH
TBHTERHEIEL, BARMICIZ Amazon Kinesis™ + EC2™
Y — B ZIC & 0, Speed Layer Database ¥ & U Speed
Event ZHBIL TV, TOXIGHIZEICID ATETTICH
PRV TIIVEA L2l UTz, 753, Hilit— o5
k. HEETHE O Ny F 2T RS Tz, LTE #h S
AWS Y —N\HTOMERERZ, mtFa) 728D VPC
(Virtual Private Cloud) <& - C##: ] fiE7x SORACOM'"
DEEY—CAZRM LTz,

COXINT, Y=NTTVHHEDIDDT T s T +— L%
BlidH2L T, MIEEIINFERELEDT TV —ay
BHFEICEEH G TN TER LS E 0T, e, =TS
W T A —LHEROBEIC, KBRS AT LR E T3 TICHRE
DH% AWS % SORACOM ZED IS5 K PaaS ¥ —E A%
WS 2TET, RELET Ty 74— LA TSR T
Eiz, BT, BN A BRI BEL RS, Y—10D
AT =58V T DREICDOWTEYTY FY—EADTEHIC
KOMERTEREHEZ TS,

4-2. WEB-API [ &8N —EX VAT LELURE
H—EX77Y)

e, A—T VA /N=vaickD, GEABE T
2SI BEY—CADFEZHNIC, Y—ER7 TV
1 ® WEB — API (WEB Application Program Interface)
ZiATOWAHTEEHHELTWVS, EFaVT stk

31 YAMAHA MOTOR TECHNICAL REVIEW

BREIEDOEST I ATEROD, B —E 205 ZH
15T 8= =T U TARAPIZ N BT e D I[RETH 5.

OREVATL

(=7
[or-com .
E )
75e3N8)] | 49-Exap Jas-taneixis Ja9-Exan
i el CURTED | 3 fonmg T
l—ﬁ = AP Wi AP A
= pA{yAH )

PRl RAV—EAEIS PPN IS
T-EazE % PRNAKIS -
WARRF-2 | TAI-THAR | 1-EATQORENARE | IA-TRARE
owmm | ® | GmAasrezosmir-s

QEMETIER

&7 FHIEHEES 77
SOmcoo  co— L1

e — —

@1 —HIEREG - FIBRREIET 7

* 2—FID, £, %5, FIAEE, etc

11 WEB—APIZ&BHEY —ERXV AT LELUHEE
H—EX7 ) DF



EEEEETERICE 588 —EX Y X7 LEFiHET

Technology Introduction of Low-Speed Automated Driving Mobility-Based Service System

T WEB-API ZiE§ 52T, /S—hF—3BHY—
EAZ AT LICHUT, 2—Y5ERERRHER A E DI,
Hli OF L - PRI 72 & O HEUS AVl e 75 5.
DED,. TNHD API ZHlAHAHHOETEHTSILT. A%
ARE A BE T H N 2 fi o 7o B — E 22 27 LB )
Y—CRT7 SV —ar ORFENTREE 755,

1112, WEB-API ZiE L CHR LB EIY— L Ay
AT LBLCY—C A7 TVOHIZRT, 1T—YRGEREED
FIRSS, =Y ORISR, 1T— W, HiloiEr
HEDMEHZRIG T LN TES,

bbYle

ARTIE, REATEFICXZBIHY—E AT AT LI
DWTHIT LTz

BRI, BmmiRic k> CHAERE B KT AT
ET72179 VGL S A7 L, HBOHIE T Hlilc k5%
B —EAZ LB 70O HIY— NS DOV THINT LTz,

BfE, BEY—EC AL AT LOFHICHT T, KT
MEs®, 22tk B, tFaV T RkEZ M LEIEEN
HREMEDTOD, Flza—VOMVBETEN X857
DICY—E AT TV DI—HF LV T IOV TEHREETTS
THETH5,

FERIMICIE, AT AT LTIRETE RO EST
Hilj& DI EIc 2 E ATV 5, TOMBITHLT,
2338 H B E s il A\ OIS DR SN TO S ES I = 0c
RS2 A F Iy 7=y T B ADORIEEHEIC AN,
Wit 2D TOETZ,

WEE3m

[1] V=GB R — L= TEMAEX T F—Lid]
<{https://www.yamaha-motor.co.jp/golfcar/landcar/ab
out-landcar/self-driving html> (777t AH 2017/8/3)

(2] Al L whey WEE © Ry MA—IC KRB
BURMANE, BRURMGHRERIE O DNIE « L5
HEREHM 5 Y= FEBFEECH 2008-12 No.44

(3] W wod, WS AESk, ok 2l M WK D BHE
—ZIVOHBAL T Ty b7 4+ — LT | V< FEEI R
2016-12 No.52

[4] Kristopher Kozak and Marc Alban. "Ranger: A ground-
facing camera-based localization system for ground
vehicles." Position, Location and Navigation Symposium
(PLANS), 2016 IEEE/ION. IEEE, 2016.

[5] Nathan Marz. “Big Data Lambda Architecture” (h
ttp://www.databasetube.com/database/big-data-lambda
-architecture/) (772 AH 2017/9/13)

[6] Amazon Web Services. “Powered by Amazon Web
Services” B, [BXRUMNZERTHEHEINEZDMD
AWS PaEE] 1%, KEZOMMOEICI TS, Amazon.com,
Inc. £7213Z DB ORI T,

[7] SORACOM., SORACOM Air 33& T SORACOM Beam (&,
MRt T L OB LT3R T 9,

8] ZAFIvr=vT 2.0 avV—7 L <https//www.
nces.i.nagoya-u.acjp/dm2/index.html> (77t AH 2017
/9/6)

W

VGLY AT LDFIFEICHTz> TldSouthwest Research
Institute DKristopher Kozak Ik, Marc Alban X, 7z, &l
Y= NOFECH > TIMASHARS AT LI KR TAV b
OHEN FBHIK & RINCENZThE Rz wiziz
TX LT, COBZMEOTIEHEILBL LIFF T,

mEE

pi 37

B et

Hokuto Fujii Hitoshi Watanabe
FERAER FiAER

EM BFEHEED EM BFEREEED

YAMAHA MOTOR TECHNICAL REVIEW 32



2017 &£E€7 )V YZF-R15, V-ixionR

5 O
ax< AnR '%E ﬂ The 2017 model YZF-R15 and V-ixion R
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Abstract

The Indonesian motorcycle market has a total scale of around 5.6 million units, of which approximately 10% are
sports models. Despite scooters and models with underbone frames occupying the majority of demand, Yamaha
Motor's sports models have been popular with younger riders “stepping up” to products of the next higher grade of
quality, and thus such products are leading the market.

As the successor model to the YZF-R15, which has been popular for its highly-focused feel and racy image which
enhance the supersport elements of the design, the new YZF-R15 has been developed with the aim of further
increasing sports performance.

Since its launch in 2007, the V-ixion Series has been popular as a sports model which combines a sporty style and
superior riding performance with the practicality of a commuter model.

For the latest revamp, the appearance of the new V-ixion has been completely refreshed to further enhance the
leading-edge style, and an advanced edition - the V-ixion R - has also been introduced. While the standard edition
V-ixion is equipped with a conventional engine widely acclaimed for its high reliability and ease-of-use for urban
riding, the V-ixion R has been developed using the same platform as the YZF-R15 to enhance its basic riding
performance.

This report introduces the YZF-R15 and V-ixion R.
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The 2017 model YZF-R15 and V-ixion R
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The 2017 model YZF-R15 and V-ixion R
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Development of the FZ25 India Premium Segment Model

BHME HLEIE% BB GH

Abstract

In 2008, Yamaha Motor launched the FZ16 (160 cm® new concept model aimed at young customers sensitive to the
latest trends in the India motorcycle market. Since then, Yamaha Motor has also launched the FAZER (half fairing
model), and in 2014 the second-generation FZ15 (featuring fuel injection and a revised exterior) as well as the FAZER
(150 cm®). With its excellent performance and dynamic design, this popular model has won strong support particu-
larly from young customers, with cumulative sales exceeding one million units.

As a higher-end model inheriting this product concept, the FZ25 has increased displacement to 250 cm®, and was

developed to appeal to new customers as well as customers stepping up from the 150 cm® category. This report pro-

vides an overview of the development of the FZ25.
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Development of the FZ25 India Premium Segment Model
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Development of the SALUTO RX Street Model for India with Superior Cost-

Performance

EREEX AT KBRLEZ FhEHR SHET GEHESE

Abstract

The Indian motorcycle market has an annual scale of 18 million units, and, excluding scooters, approximately 30%

of this demand is held by the 100cm®to 110cm® class. This class is popular with customers buying a motorcycle for

the first time, as well as customers using their motorcycle for a variety of purposes such as commuting, work, and

errands. Stable demand is forecast in the future.

Customers have high expectations, not only for good fuel economy and ease of handling at an accessible price range,

but also for a stylish design. A model that balances all of these demands has been highly anticipated. This report intro-
duces the new SALUTO RX, developed based on the “Affordable & Practical Street” model concept.
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Development of the SALUTO RX Street Model for India with Superior Cost-Performance
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Development of the Stylish and Sporty GDR155 Scooter

A Hz AllkE

Abstract

A0k

Rig X /v £t

The ASEAN scooter market had been experiencing rapid growth, but overall demand began to decline from around

2012, and only slight increases are forecast in the future. Among these macro trends, it is also anticipated that more

and more customers will "step up" to products of the next higher grade of quality due to increasing disposable income.

Demand for premium scooter models is therefore expected to grow, and the new GDR155 was developed to meet this

anticipated demand. The GDR155 combines a stylish design and sense of size distinctive among scooters with engine

performance significantly superior to its competitors to deliver rich scooter functionality. This report introduces the

GDR155, which can be called the “ASEAN Best Sporty Scooter” thanks to how it provides the next level of value to

customers.
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Star Venture Leading-Edge Transcontinental Grand Tourer for the
Ultimate Touring Experience

MEIES

Abstract

Motorcycle demand in the US.A. decreased significantly after the financial crisis in 2008, but began to recover from

2010. Notably, cruiser motorcycles account for approximately half of total demand. Furthermore, the fully-dressed

specification category - a high price range suitable for long-distance touring as couples - is highly popular, comprising

more than 40% of overall cruiser motorcycle demand.

With production beginning in June 2017, the new Star Venture represents the first all-new model of Yamaha Motor's

ultimate fully-dressed cruiser since the launch of the Royal Star Venture 19 years ago. This report introduces the Star

Venture, a cruiser showcasing the very best of Yamaha.
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2018 Z£E7 IV ROV WOLVERINE X4

WOLVERINE X4 2018 Model ROV

MHEz LI5#%5 Andrew Schwab

Abstract

Principally in North America, the ROV (Recreational Off-Highway Vehicle) market enjoys high demand with its wide

range of uses from agricultural and farming work to recreational uses such as hunting and trail driving, as well as for

sports and racing. Stable market growth is expected in the future. To cover this wide range of uses, Yamaha Motor has
developed and launched the VIKING III, the VIKING VI, the WOLVERINE, and the YXZ1000R models.

Among the above uses, the respective manufacturers have been releasing new models which can accommodate multi-

ple passengers to satisfy recreational demand for enjoying trail driving with friends and family. To meet the expecta-

tions of customers in the recreational segment - a field Yamaha Motor specializes in - we developed the WOLVERINE

X4 4-seater recreational model, which is described in this report.
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<Message from YMMC-PD>

The ROV market is expanding, customer expectations
are increasing, and therefore the development of model
variations is required. These trends also require that
Yamaha create a market defining product. The 2018
Wolverine X4 is the next level of quality and refinement
for Yamaha ROV’s. The Wolverine X4 is the ideal solu-
tion for customers who want a compact, nimble, refined
ROV that excels in tight woods and open trails. The
Wolverine X4 excels in all-terrain ability, comfort, qui-
etness, and versatility as a compact four-passenger
vehicle, qualities which are not available from competing
products.

The development plan for the Wolverine X4 was to
adapt the platform concept theme to the four-passenger
format, and also to build the foundation for future model
development. Future models will be created based on
a vastly different concept, but will still leverage the
components and processes developed for the Wolverine
X4. This approach has reaped benefits already on the
first variation concept model by improving development
maturity while also reducing component numbers and
factory investment.

The Wolverine X4's versatility and key selling feature
derives from its convertible seating/cargo configuration
within a two-seater class vehicle. Customers can easily,
without tools, adjust from two seats and a large cargo
space to four seats and still retain sufficient cargo space
for a cooler and basic supplies. This versatility was
achieved while maintaining a similar level of comfort
between the front and rear occupants. The high levels of
versatility and comfort, along with its compact size and
nimbleness, give the Wolverine X4 an advantage over its
competitor products.

YMMC PD was honored to partner with YMC RV on the
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development of the Wolverine X4. It was a challenging
project, but we believe that we have created a fantastic
vehicle in the Wolverine X4. Accomplishing all of a pro-
ject's goals is the role of engineering, and the Wolverine
X4 is worthy of all the hard work and innovation that
YMMC PD and YMC RV put into its development.
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Terrain Vehicle Product Development
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Snoscoot 2018 Model Snowmobile

Masa Saito Jim Vizanko Lauren Nasca Brian Rupnow
Masanobu Yamamoto Yuta Shibasaki
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INTRODUCTION

In recent years, the snowmobile market has seen a

remarkable shift towards the high performance (high
output and light weight) category. However, it is not
only adults who demand high performance fun in the
snow. The enjoyment that snowmobiles bring to children
and young people stays with them into adulthood, and
riding together in backyards or on trails is established
family fun in the snow for parents and children or
grandchildren. In such an environment, the culture of
snow leisure is inherited through this generational cycle,
a culture which is built on enjoyment as a family sport.

2018 will mark the 50th anniversary of snowmobile
production by Yamaha Motor. To mark this milestone
while meeting market expectations, Yamaha Motor
has developed the Snoscoot youth model. This report

provides details of the new model’s development.

DEVELOPMENTZAIMS

Five years ago, Yamaha Motor launched the kids' model
(category for riders aged 8 and under) SRX120. The new
Snoscoot has been developed for young people (aged 8
to 12) stepping up from kids’ models towards full-sized
adult models.
In order for the Snoscoot youth model to increase
demand among young people and attract interest in
snowmobiling among a new family market, the following
three development targets were set in order to create a
model which all of the family can enjoy together.
1. Comfort: Riding stability and sense of acceleration on
hard, flat surfaces
2. Off-road performance: Maneuverability for operation
as the rider intends in wooded areas, as well as
boondocking (free off-trail riding in deep snow)

3. Accessory lineup: Developing a wide range of
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accessories to suit the demands of the youth market

for customization

DEVELOPMENTRINIRIABIVES
3-1. ENGINE

Engine development for the Snoscoot aimed to achieve

both more efficient development and cost reductions by
using an existing engine, but one which went beyond
those previously used in Yamaha Motor snowmobiles.
The base engine selected was the YMPC (Yamaha Motor
Powered Products Co., Ltd.) MZ200 multi-purpose
4-stroke engine (Fig.1), which, while already delivering
high reliability and low cost, was further improved in the
following four ways (Fig.2).

* Starting in low temperatures

* Operation during snow fall conditions

» Harmonizing with intake and exhaust systems

» Performance improvement through matching with

the CVT transmission

@YAMARA

Fig.2 MZ200SMB improved for fitting to the Snoscoot

3-2. DRIVETRAIN

The all new drivetrain (Fig.3) for the Snoscoot was
designed to transfer power efficiently and inspire
confidence for the rider. The new Snoscoot pairs a

Yamaha multi-purpose engine with a CVT drivetrain to

YAMAHA MOTOR TECHNICAL REVIEW

Snoscoot 2018 Model Snowmobile

deliver power across a broad range of speeds. The drive
train system was developed with a CVT and drop case
combination to increase the performance of the vehicle.
The CVT is tuned for hard-packed trails (Fig.4) while also
functioning exceptionally well off-trail (Fig.5). The drop
case was designed with a cogged belt for maximizing
efficiency along with reducing maintenance and weight.

The newly-designed drivetrain and testing calibration
meet the demands of all riders and bring a high level of

confidence both on and off trails.

Fig.4 On-trail scene

Fig.5 Off-trail scene



3-3.SKIS

The new small skis from Yamaha were created
specifically for this smaller vehicle application, and for
riding both on and off trails. These skis offer the best
balance between light weight and light steering effort
while still maintaining maximum floatation for off trail
fun (Fig. 6, Table 1). The light steering effort allows
the rider to enjoy the excitements of riding for longer
without tiring. The keel and runner were designed to
maximize rider inputs with little effort while minimizing
negative feedback from the terrain. These skis were
designed to be less intimidating for newer riders,
allowing them to increase their riding skills quickly on
and off the trail.

Fig.6 New ski

Table1: Design Spec

I A T Y
Too small - >

Too large
640mm 710mm 780mm 710mm
100mm 110mm 120mm 110mm
1.0kg <1.0kg 2.15kg 0.86kg
Weight
(2.21b) (<2.21b) (4.751b) (1.901b)

3-4. EXTERIOR DESIGN

The body panels were designed to demand and capture
attention while retaining light weight and a simple
construction (Fig. 7). The styling gives the snowmobile
an agile and aerodynamic look. However, the panels still
function well, sheltering the rider from the environmental
elements.

The overall shape draws the eyes over the entire length
of the snowmobile, flowing from the front tuning fork to

the seat.

Snoscoot 2018 Model Snowmobile

“FLASHY”
for newcomers

“RACING BLUF”
for family sports & racing

Fig.7 Coloring & Graphics

3-5. ERGONOMICS (RIDING POSITION)

This snowmobile was a great challenge to comfortably
fit many body sizes, from large adults (Fig. 8) to small-
sized youth generation (Fig. 9) A small brand-new rider
will sit comfortably on the seat with an easy reach to the
handlebars and levers. At the same time an experienced
full-sized rider has the room to sit fully back on the seat
and enjoy the performance to the fullest. The narrowed
and lowered front seat shape allows the rider to move
around freely during off trail riding. Finally, the controls
are all within easy reach. This snowmobile is designed

for fun accessible to all.

95% Male

Fig.8 Design ergonomics
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Fig.9 Riding position

Snoscoot 2018 Model Snowmobile

CONCLUSION

This report describes the development of the youth-

oriented Snoscoot snowmobile, which all of the family
can enjoy together. The development program achieved
its goals of comfort and off-road performance while
still achieving cost targets, which were endorsed by
evaluations of test vehicles by target customers. The
Snoscoot has also been chosen by a prominent media
outlet as 2018 Snowmobile of the Year (Fig. 10), and has
been well-received by the market.

It has been some time since youth models using 2-stroke
engines have disappeared from the snowmobile market
due to increasing emission standards. Yamaha Motor
hopes that by returning to the essence of snowmobiling -
family sports fun - the new Snoscoot will reinvigorate the

market.

Masa Saito Jim Vizanko Lauren Nasca Brian Rupnow
Yamaha Motor Corporation ~ Yamaha Motor Corporation ~ Yamaha Motor Corporation ~ Yamaha Motor Corporation
USA USA USA USA

Minocqua R&D Center Minocqua R&D Center Minocqua R&D Center Minocqua R&D Center

Yamaha Motor Corporation U.S.A.
Minocqua R&D Center - all staff
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™= An Development of the F25G Outboard Motor
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Abstract

Around the world, a wide range of boats for a multitude of applications use outboard motors in the 25-horsepower
class. These include the jon boats (lightweight flat-bottomed aluminum boats designed for ease of use) popular in
North America, aluminum V hull boats, FRP boats, inflatable (rubber) boats, and wasen Japanese-style boats.

Yamaha Motor has previously launched 4-stroke outboard motors in order to make its products more environmentally
friendly. However, the existing 4-stroke 25-horsepower outboards can be large and heavy on boats designed for
2-stroke 25-horsepower outboards. Many customer requests have been received for a new 4-stroke 25-horsepower
model which is lightweight, compact, and has solid power delivery to enable direct replacement of 2-stroke outboards.
In addition, there is strong market demand for outboards equipped with fuel injection systems. In particular, there is
demand for battery-less fuel injection systems to suit the compact outboard motor format, but which still deliver easy
and reliable starting, strong performance, with good fuel efficiency.

Given this background, the F25G was developed as a lightweight and compact outboard motor which still provides

higher performance and usability than previous models.
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Abstract

Not so long ago, fishing from a boat in Japan meant lowering anchor in your fishing spot of choice, sitting back, and
casting out a line. With this type of fishing, the lure was generally natural bait, and for the most part, fishermen went
out alone or at most in groups of three people. Provided that fishing boats were developed to a quality that covered
those requirements, the majority of needs were met.

However, trends change, and in the last few years, the percentage of fishermen using lures (artificial bait) has grown
to outweigh those fishing with natural bait (Yamaha Motor questionnaire). Also, a new style of fishing, termed “run
and gun,” is gaining popularity. In this style, multiple fishermen board the same boat, zoom to a fishing spot (run), and
cast a lure (gun) from a standing position on the deck, before streaking off to a new spot and casting more lures.

Naturally, the quality requirements for boats have changed accordingly. In response to this, Yamaha Motor has

developed the “DFR-33” single-driveshaft inboard engine craft (Fig. 1) to complement this latest boat-fishing style.
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Blade Snow Thrower
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Abstract
Snow throwers are used in a variety of situations in snowy regions, including around the driveways and garages of
households and in the workplace outside store fronts, in customer parking lots, and on construction sites. Recently,
consumers have been showing increasing interest in snow thrower products due to higher levels of snowfall, and
frequent incidences of localized, sudden heavy snowfall, often blamed on the effects of global warming. Large fluctua-
tions in the snowfall period and area make it difficult to adjust supply to suit the regional demand and usage period,
but there is estimated domestic shipping/demand of between approximately 35,000 and 40,000 snow throwers
(Yamaha Motor survey) annually.
There are two types of snow throwers: the rotary type in Fig. 1 (thrower type), and the blade type in Fig. 2 (pusher
type). The blade type pushes snow toward snow melting tanks or snow drainage ditches, and is often used in densely
built-up residential areas or other locations where there are limited sites to which snow can be thrown. This type
began appearing on the domestic market from around 2008 (Fig. 3). This kind of market change was the impetus for
the development of both our blade and rotary snow throwers (Fig. 4).
13 Lsble T L—=FA& MEHPRERHALTZMLEAIZD AR
HRM L OB 2RI T LA RSN I 25 TEDN

PREREIE. RIEHE L TEEOXRBERHETDYIC,
FEHEMELTIR, MIEOM e OREHY, RBaE, K
FHIKDOE XS LL I TIHHEINTVS, JTFEER, HE

BTENZ L, 2008 EHA SN T THIHL TE 2 (X3),
COXSBHHZEDON T, AT L—RERHKEn—2
U —BREHATT DBHFEICHO AT E 72 (X4),

LOMEBEIERMEIN TSN, BERIMATEY, il
(SIS2 EH 7R = oY gRYalek 3 AN R riE A FRect - 01
OFBANEE LU TWS, —/5 T BB RS i o
AN REL, BB TOFRE, YHMCH DY TRE
Wt d 2L OMLEEHZMN,. EANTIE, FERK 3 1
5000 5~ 4 JTIE O « THE (PNHN) BdHc5ED
LHEIEN T2,

BREBHICIIK 1 OX5Hn—2)—R ORIETEAT) &
2DX5%TL—FA X AT) Hdbs,

K2 JL—FTE%ZIFIYS1070T-B

BREREE(R)
60000
mO0—4%)— mJL—K
40000
. 20000
e _AW‘ .
0

K1 AO—2Y—TE%MRIEIYS1070T-B 2008 2009 2010 2011 2012 2013 2014 2015 2016

K3 NREARSEOENFTERS

79 YAMAHA MOTOR TECHNICAL REVIEW



7 L— FIRER

K4 ZJObgEOTRMES tiEETRIT)
TOMEHRYT660%F T L—RIRE#IzehiE

DAL

O—2)—[RHEE T L—RRE#E. ZhZNGERER
BIGHMNRR S, m—2) —d RO PR US55,
EXRTELRHADMENDE, —/HT TL—FE, B
ST DD OB TR LRI TS 52 LA T
B, £leo BROEITIE Cvy—XvMRDOE) T,
b0—2)—RF, HZHHTE2—DFEELTENH 5,
ZORCICEEE ST B ZRET DT D, a—
F2HWRNT L— R THIUIZ DOELIE TR,

RIL—iN ==

X5 YS1070T-B(YS1070T+7 L —FB70)

Ol

O—41)—RER TL—FBRER

K6 JL—FNABREHOEE

Blade Snow Thrower

KL, FROTL—F=—XZM0AHR, BREEANK
DI EIHS T2 —H 1RO T L— R BRE a2 s LTz
(K 5). BifFa—2Y)—FRHFEOuITIICT L—FZIO 4
. 7 L—FzfibawRid iU nTsEaksiE e Uiz (K
6), THUCKD, ARDOT—2)—fREE, RIFUICSWIA
UeHERR OB Z2MLED LT L—FRHD %z, Ik
BUSIEC TRV BTN TES,

@ FRDELVF
« BHFO— 20 —EREEIE N TR TR D TiER T
L—Riit
- BEOWNiEVEL{TBIH0, HEO—IVUEMT ST
L—NRIEIR

c B—XV—RFRE (T L—RIEARE) 12, FoEbuckx

50T —LIBIR

c BEMER R BREENIILE (DL—FET) ZEEL

fery ZEREOER

TL—Fi&, INTTIKEMLTELT L—FEIZ D
LIIREL, EFTEREN i3 —2 ) —BREBEAARDERT) 1)
2S5, TU—FHHBICHLANTSHS (KT, B
i r—% (K8 hobhadkiic, BifFETL—RH
MR E LR U T bR B REZ iR Uc, iz, BhE&
LD (BK) VY Fa—RL—a ke DHFEBHFEICKD,
I T ORFENFBITE 2,

-

=90—5H1R)yTLTRELL

= @ |

EDEM<ETEREN
=>EERED

EDIEH> ETEEN

X7 FOEHEETRES

REE (kg)
150
100
50
0

#HE5cm 2 —Ayhk5cm #%YUE20cm

mYS860-B mJL—FEFH

B8 FMEE (kg) LLBT—%
REE=UA—3DRAVvTI2ETIHEZEDEEKg

YAMAHA MOTOR TECHNICAL REVIEW 80



7 L— FHERER

Blade Snow Thrower

10 $RsEE

4:00
TOKRSE
(FL—%-—)
BEERASHL
5:00
17:00~16:00, HORE
BRE (A—41)

9:00~10:00

11 BREFROHE 12 2/9~108RFEFDIRE FFE

FREVEEE, RERE[S720TaL ROy T TEHREEH

Bﬁ?ﬁ@ﬂl”.’ﬁﬁ& L7eh, BHRIC EDBRZ FASIEELES (M 13), FREkZ

FAFELI-BRT/E O T MGEZ 3 21 H =0, AEMTE B ([ispieotTsh Eifkh Ss—DOHOYE L. $ai. BB
RERIFEDTFIL) ZHDIAATE (K 9), IZh, SETICENDED -T2 L OMENRATET,
© V/\REWICHITREFHELIE

eI M) &5-o7Th, JuifidE, b, Jekeedus
MTIEE -7 ZOEN RS, iz, HUHIETE 1 HE
4 ATRE> B2 e 5, IHIChVALREmE. Ate
W, JROGET e R E . MO DR URENIZ RV, Z
ILTEEELE R FaT—2a> T, Lo TERNRT
v FTEEARVERED SO ZEST2ITiE. RIEH. TH
32k, [HaTE], LT MEIZL] DRIPEED, 1
JHHH Y F BT Y H D BB S XD ETR DI E 2 T,
ZOELLOEKRGOHREZITHON EMENTE) Thd,

ANEUREE . REFIIUEM . PR AT — O RE T8
R DTS THELZ (K 10). BREEEHI> D,
Ml (AL BBEEA) THE (K1), FHKD L,
FE AR ST ORREHEATEHL, ThicHbEiEi
OEMULNSEENIHES (X12),

H13 EBHROETFAL

81 YAMAHA MOTOR TECHNICAL REVIEW



7 L— FAERER

Blade Snow Thrower

16 RS —/N

Flo, WRECR T ORTEHARTTERWEZ, A
=BT S THREL TV (K 14), 20 2 FREE
OFRZL, A=V TDIFIDREFEHKLOETRTHY
ckichnz, ERELE> TV Ty a—bEEES (K 15),
FHEMETLAE T RIS RV EDOHANES
Nrzce T, u—2)—REEEOIBIE N RS = — A7z PR
JAHIENTER,

COXIBIEHDOHT, TTL—FF] &0 7 AT 7%
Fh, YRR E o7 L—RIBRE AWML T 5L e
Uiz HBICHIEMZM>TES-/2 A, BT 5
WA L—I02 DWW T THYAHVEIRICES ) &0
HEADH-TCeh S, BIIRRAZL—SZHFEL. I

gjfio

AR A L ST

2015 4EICA T a7 L—RD B60 2 fTilkse Li-C
Licky, 60cm 7S A0 —2)—RETFIL (YT660.
YS860) ZZLDIBEREDSEFHZ N ZIZ VTN 5,

X15 Ya—rnEEFY

(%) Be |55 [ ymmres
EX%N 56.7 | 19.4 |7.5| 1.5

E[% -3 542 | 0 [HE8
Rt 51.9 | 22.2 ﬂ 3.7

ESE LT 3 68.8 |6.36.3
YT660 B 500 | 250 k2 42

YS860 B 65.0 | 150 @

Y$1070TB 56.5 174 |87

K17 1—H—#4

O HIREAETIV
-+ 20154 AT¥ar7L—KRB60
- 2016 4 A7 3> 7L —R B70
« 2017 4 7L —FREEET IV YS860-B, YS1070T-B,
RifE A7 L—7SERH

e

TSI, TCORIEBREREMELI -7 LDFH
JE, AR TVS, =Y =507 TG R E
LHBE, KELEE 72%., HinE IV TiE 61
%M e OFHITHY. 7 L—RFEREHEIEAE D 70
% I M FICHERETEZLEBDH TS (K17, £z, e
JEWSE, ZRHETE Srme LT iz W 72T,

Bbhylc
ARHFHETIE,. FETOEEWIZETNZE L TB RN
TEITRO TV IO —2) —[RERKE T L —REREHKOEM
VLU T L— R RS2 LI 52N TER,
g, BFeEsstic vz (k) v9da
—RL—asbk. BENSE CBIERT > TR O Bk
WL FIFE S,

YAMAHA MOTOR TECHNICAL REVIEW

82



7 L— FHERER

mEE

&R (ki)
Atsushi Kanazawa
YINE—X—
AVEVASE &AL/ S %
PPEEEHS

FHFE

T E(EHS528EE8)

Masatoshi Takeshita
YINE—X—
AVEVASY UL S e oy
PPEEHS

FHFE

BT k(e 52&8)
Yorio Matsushita
FINE—Z—

RT=TaRZ IR
PPHEEHS

[

BN RE (GiR)
Yasuhiro Miyauchi
YINE—2—

RI=T a2yl att
PPHEER

FHFEE

83 YAMAHA MOTOR TECHNICAL REVIEW

Blade Snow Thrower



15 {7 5 3T AL BFHEIRICE B EE) T DERERE
o N -
-Al D TRREIDHEF) [CAbD>T -
New Issues and Changes of Our Life with Artificial Intelligence and
Autonomous Driving: Toward the “Sociology of Mobilities” in the New Age of Al
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Abstract

This paper examines how human mobility is going to change and which social issues will arise in the near future due
to artificial intelligence (Al) and autonomous driving (AD) through a joint study of sociologists, and researchers in the
forefront of engineering.

Using figures consisting of coordinate axes of human's “mobility - immobility” and “functionality - amusement value,”
it has been demonstrated that aspects related to “mobility - functionality” rapidly decreased and the “immobility”
area gradually expanded with the progress of information communication technology(ICT). Based on this, it can be
observed that the usage of automobiles will be limited to logistics or distribution when Al and AD technology becomes
more advanced.

From this point of view, in order to release human desire of mobility, ‘adaptation to the expansion of the bodily sensa-
tion of movement,” ‘presentation of personalized tourist information, individual correspondence to history, culture and
subculture while moving, and ‘adaptation of both the automobiles and the social system to the new changing ties of
human relationship’ will be necessary in the near future.

Based on the results of this qualitative research, the authors, from both aspects of technology and society, propose
examples of the possibility of using small vehicles with AD to tours of winery or sake-brewery, cultural tourism recom-
mendation system in Kyoto using big data of the driver's personal history, and ridesharing with a high degree of free-

dom using AL
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Analyses of cycle-to-cycle variation of combustion in low load conditions by
visualization of fuel mixture formation processes using an optical engine
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Abstract

Reduction in cycle-to-cycle variation (CCV) of combustion has been required because CCV affects fuel consumption,
emissions and drivability. The factors that cause CCV of combustion are considered, such as the variation of in-cylinder
flow, fuel distribution, temperature distribution, ignition energy and EGR distribution. However, it is difficult to measure and
analyze these factors. In this study, CCV of in-cylinder flow on some load conditions are investigated by using optical single-

cylinder engine and high speed PIV measurement system. As a result, CCV of intake flow in cylinder becomes strong in low

load conditions.
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Fig.4 In cylinder pressure and rate of heat release
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Fig.6 Vector velocity (CA = 450deg.ATDC, Ensemble ave.)
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Fig.7 Vector velocity (CA = 540deg.ATDC, Ensemble ave.)

(a) net IMEP = 150 kPa

(b) net IMEP = 350 kPa (c) WOT

Fig.8 Vector velocity (CA =630 deg.ATDC, Ensemble ave.)
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Fig.12 Vector velocity (Time ave. flow, net IMEP=150 kPa)
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Analyses of cycle-to-cycle variation of combustion in low load conditions by visualization of
fuel mixture formation processes using an optical engine
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Analyses of cycle-to-cycle variation of combustion in low load conditions by visualization of
fuel mixture formation processes using an optical engine
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Abstract

Compared to other forms of mobility such as automobiles, the movements of a motorcycle rider have a high impact on
the motion characteristics of the vehicle. Quantitatively ascertaining rider skill level by measuring movements such
as rider posture and the load placed on the motorcycle during motion is therefore an effective path towards improve
riding and operation technology. However, a measurement system had not yet been developed which was lightweight
and compact (and therefore did not itself affect the motion of the motorcycle), but also with a sufficient level of accu-
racy to enable comparison of rider techniques. In this research, we developed technology to measure rider movement
using digital human model and motion capture methods to measure a small number of body coordinates, focusing on
aspects where there is less freedom in the posture available to a rider while the motorcycle is in motion. By measur-
ing actual rider movements with the system we developed, we were able to show in quantitative form the difference

between the movements of two riders of differing skill levels.
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Abstract

In recent years three-wheel camber vehicles, with two wheels in the front and a single rear wheel, have been growing in
popularity. We call this kind of vehicle A “Leaning Multi Wheel category Vehicle” (hereinafter referred to as a “LMWV”). A
LMWV has various characteristics, but one of them stands out in particular. When a LMWV is cornering, if one of the front
wheels passes over a section of road surface with a low friction coefficient, there is very little disturbance to the vehicle’s
behavior and can continue to be driven as normal. However, there has been no investigation into why these vehicles have
this particular characteristic. Consequently, in this paper an investigation was carried out in order to determine the behavior
of a LMWV in this situation. First, measurements were taken using an actual vehicle to confirm the situation described
above. As a result, it was confirmed that there is only a small change in the vehicle’s posture and also that the other front
tire generates tire force that appears to compensate for the decrease in lateral force. Next, a multibody dynamics analysis
was carried out. The results of this simulation indicated that the cause of this phenomenon is the steering turns toward the
inside of the corner and the other front tire develops a slip angle which in turn generates a lateral force. The investigation
and analysis described above clarified this phenomenon and demonstrated one of the factors that gives a LMWV its

cornering stability.
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INTRODUCTION

If we take a look back at the evolution of personal

mobility, there is a long history of various vehicles
being proposed all around the world. In recent years
there has been an increase in the number of three-
wheel vehicles, particularly in Europe, that have two
wheels in the front, a single wheel in the rear, and that
feature large camber angles. These vehicles possess a
mechanism that is different from both automobiles and
motorcycles, but they keep stability and motorcycle-like
handling. We call this kind of vehicle a “Leaning Multi
Wheel category Vehicle” (hereinafter referred to as a
“‘LMWV") and have been pursuing their development as
well as investigating their characteristics'”'®, LMWV
are known to possess a number of characteristics'”,
but the riders of these vehicles have indicated that one
noteworthy characteristic is the vehicle’s stability when
cornering. One concrete example that has been reported
was the case where one of the front wheels passed over
a low p road surface, such as a wet manhole cover, while
the vehicle was cornering. Despite these conditions, the
vehicle remains stable throughout the turn and can con-
tinue to be driven as normal because of little roll angle
change. However, there has not been a thorough exami-
nation of this particular characteristic and so there is
a need for a theoretical study from the standpoint of
understanding these vehicles better. In addition, there
are very few other examples of research into these types
of vehicles, so this is another factor that is preventing a
better understanding of LMWV.

Therefore, in this paper an investigation was carried out
to examine the phenomenon that occurs when one of the
front wheels of a LMWV passes over a low p road sur-
face during cornering. The purpose of this investigation
is to determine the factors that contribute to the turn-
ing stability of these vehicles. First, measurements
were taken using an actual vehicle during the situation
where one of the front wheels passes over a low p road
surface during cornering to confirm the phenomenon.
Next, a multibody dynamics analysis was carried out by
simulating the same situation to investigate the cause of

the abovementioned phenomenon. This paper reports
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the results and new knowledge that were obtained from

these analyses and examinations.

ACTUAL,MEASUREMENTSLEST,

First, an actual measurement test was carried out to

investigate and confirm this phenomenon. Fig.1 shows
the LMWV with 155 cm® of displacement that was
used for the test. Table 1 lists the vehicle specifications.
Furthermore, in this paper, in order to focus on the
vehi-cle characteristics, theoretically, when the vehicle
is cornering, the examination was carried out using a
geometry in which the difference in the left and right
wheel steering angles was O degrees at the time of roll.
The vehicle was equipped with an inertial GPS sensor,
a steering torque sensor, and tire six-component force
meter wheels on the left and right front wheels. Please
see the references for more details about the measuring
instruments'”. The coordinate system uses the ISO
coordinate system, as shown in Fig.2 and the origin point
is located in the center of the right and left Fr.tire road
contact point. It is a right-handed orthogonal coordinate
system and the axis of rotation is positive in the direc-
tion of the right-hand screw. Fig.3 shows the tire force
coordinate system. The origin point is located in the each
Fr.tire road contact point and the coordinate axes follow
along the road surface. « in Fig.3 indicates the direction

of slip angle.

Fig.1 External Appearance of LMWV
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Table 1 Vehicle Specifications

Vehicle spec
Wheelbase 1350 | mm | Overall length 1980 mm
Caster angle 20| deg| Trail 67| mm
Curb weight 165 kg E'ngme 155| cms3
displacement

. 90/80-
Fr tire 14M/C Max power 11.1| kW

. 130/70-
Rr tire 13M/C Max torque 14.4] Nm

Steer rotational
, coordinate

(1\" Direction of
wheel velocity

X Y

Fig.3 Tire Force Coordinate
System

Fig.2 Coordinate system

Outriggers were attached to the vehicle during meas-
urement in consideration of the rider’s safety. Fig.
4 shows the external appearance of the test vehicle.
A smooth, steel plate (670X 670X 2.5mm) in a wet
state was prepared to be the low p road surface. A
skid resistance tester was used to take measurements
in advance and as a result it was confirmed that the
BPN(British Pendulum Number) was 13.9. The test was
then conducted on a circular test course with a radius
of 30 meters. The vehicle was driven counterclock-wise
around the course in a steady state circular turn and
only the right front wheel passed over the low p road
surface. Rider always keeps a steady circular turn. The
vehicle velocity was a constant 30 km/h. Fig.5 shows
the roll angle measurement results. All measurement
data was passed through a 10 Hz low pass filter. The
area where one wheel passed over low p road surface
was determined from the tire force measure-ment data.
The roll angle changed by approximately 1 degree when
one of the front wheels passed over the low p road
surface. This amount of fluctuation in the roll angle
is small in respect to that found during a steady state
circular turn and so it was concluded that the vehicle
was maintaining its stability. This result matched the
comments received from the vehicle’s riders. Next, as a

distinguishing characteristic of the data measured by

using the tire six-component force meter, Fig.6 shows
lateral force measurement data which is shown as Fy in
Fig. 3 from the front tires. The graph indicates that when
one of the front tires passed over the low p road surface,
as the lateral force of the tire on the low friction surface
decreased, the other tire appeared to compensate for
it. Next, Fig.7 shows the steer angle result. The result
shows the steering angle changed on the inside of turn.
Consequently, this verification testing and the actual
measurement data that was obtained made it possible to
confirm that this phenomenon, which occurs when only
one of the front wheels of the LMWV passes over a low p

road surface while cornering, does in fact exist.

Fig.4 External View of the Test Vehicle

-10
__-12}
o
<
= -14
]
g
= 716r \ 7
p% 18l Area where one
wheel passed over
20 | . low p road surface
0 1 2 3 4 5

Timel[s]
Fig.5 Roll Angle Measurement Data at Left Turn

250

— Left tire
= Right tire

Lateral force[N]

-50
0
Timels]

Fig.6 Tire Lateral Force Measurement Data

YAMAHA MOTOR TECHNICAL REVIEW 1 12



Investigation of the behavior of three-wheel vehicles when they pass over a low p road surface

Ny

Steer angle[deg]

[\

=
ot
jen)
—
no
W
Ny
o

Timel[s]

Fig.7 Steer Angle Measurement Data

SIMULATION
3-1. SIMULATION MODEL

There is a limit to the number of items that can be
measured using the actual vehicle, so this phenomenon
was investigated further by using a simulation. A sim-
ulation model of the same vehicle used in the actual
measurement test was created for this investigation.
The analysis software that was used was SimMechan-
ics. The simulation model of the vehicle was composed
of 20 rigid bodies, 18 revolute joints, and two prismatic
joints for the left and right front suspension. In addition,
non-linear springs and dampers were established for
the left and right front forks and the rear suspension,
while torsion springs corresponding to rubber bushings
were established in rear arm and engine rotation axis.
The rider was coupled to the main frame as a rigid body.
The main frame of the vehicle possesses six degrees-of-
freedom as a reference point, but the other portions of
the simulation model, the rotation of the left and right
front wheels and of the rear wheel, the rotation of the
front lean mechanism, the elasticity of the left and right
front suspension, the rotation of the handle bars, the
rotation of the rear arm, and the rotation of the engine
all possess 15 degrees-of-freedom. The Magic Formula
model was used as the tire model. Each rigid element
has mass property, moment of inertia, and coordinates at
connecting points, and the springs and dampers have the
values for the physical properties. Figs.8,9 and 10 show

the simulation model in more detail.
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@'3 Revolute joint
<:> : Prismatic

joint

Spring and
dumper

Fig.8 LMWV Simulation Model

@ : Revolute joint

H : Prismatic joint

Fig.9 Lean Mechanism of the Simulation Model

Center steering
Steer direction axis

/ J/ |
’ -~ , Head pipe
v /. X 3

’
-* Lower arm

Roll direction axis
\ Upper arm

Joint X 3

* Left & Right
Fr. fork

Fig.10 Detailed Drawing of the Lean Mechanism
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3-2. RIDER CONTROL MODEL

A simulation of the vehicle being driven was carried
out by having a maneuvering model control the vehicle
model in the state described in the previous section.
In the maneuvering model the drive torque of the rear
wheel, 7, and the steering torque, 7, were found from

the following equations.
Td = _Kpl (V - vref)

§))
7 Z_sz((o_wref)_Kdz(b '

Where,

T ;= drive torque

T = steering torque

V =vehicle velocity

@ =roll angle

K =gain
In other words, proportional (and differential) control
was carried out so that the velocity and roll angle would
approach the target velocity, v,.; and the target roll angle,
@ . In this paper, this rider model was used to conduct

the investigation®.

3-3. VERIFICATION OF THE MODEL

Prior to using the simulation to investigate the phe-
nomenon, the simulation results were compared to the
actual measurement data as a means of validating the
suitability of the analysis model. The comparison was
made when the vehicle was in a steady state circular turn
in order to confirm the basic characteristics. The turning
conditions for both the actual vehicle and the analysis
were a radius of 30 meters, a vehicle velocity of 30 km/
h and the target roll angle of 14.3 degrees. Furthermore,
weights equivalent to the measurement instruments on
the vehicle were added to the analysis model for the
purpose of this comparison. All measure-ment data was
passed through a 10 Hz low pass filter. Fig.11 shows the
comparison results for the roll angle, steering torque,
vertical force of the left front tire, and the lateral force.
There is some fluctuation in the actual measurement
data, but the figure shows that in all of these cases the
simulation data largely corresponds to the measurement
data. Consequently, the suitability of the simulation

model was able to be confirmed from these results.

3-4. ANALYSIS OF VEHICLE BEHAVIOR

The vehicle model was used to carry out an analysis of
the vehicle behavior when one of the front wheels passes
over a low p1 road surface. The target velocity was a con-
stant 30 km/h. The vehicle would run straight forward
for 10 seconds after the start of the simulation and then
run in a steady state circular turn with a radius of 30
meters in a counterclockwise direction at the target roll
angle of 14.3 degrees. Next, the situation where one of
the front wheels passes over a low p road surface while
the vehicle is running in this constant turn was simu-
lated. Once the turning stabilized after 20 seconds from
the start of the simulation, the tire friction coefficient
parameter was reduced to a friction coefficient equiva-

lent to the one obtained from the actual vehicle meas-

e 0 Simulation data
ﬁ Experimental data
< -10 1
=]
g S -
E -20
15 16 17 18 19 20 21 22 23 24 25
(a)Roll angle[s]
g 10
Z
3
20
~
8
g-10
0 !
15 16 17 18 19 20 21 22 23 24 25
(b)Steer torque
— 700
Z
[}
g
S
5
= 400
15 16 17 18 19 20 21 22 23 24 25
(c)Vertical force
_. 180
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Q
g A W /
:(_5: |(LV'I"AM I\” \ J’V\Jﬁ#\ﬂ rf\M'lnLﬂm N’L\ rA ,4(
% v *1#\' W m o W hr
=
—

0 i

15 16 17 18 19 20 21 22 23 24 25
Timels]

(d)Lateral force

Fig.11 Comparison of the Simulation Data to the Actual
Measurement Data
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urement test, for 0.2 seconds on the front right wheel
only (the wheel on the outside of the left turn). It is
said that 1/100th of the BPN value has a correlation
with the friction coefficient, so in this case the friction
coefficient (u,) of the low p road surface was set to 0.14
by changing lateral friction parameter in Magic Formula
model.

The conditions described here were used to simulate and
analyze the vehicle behavior. Fig.12 shows the analysis
results. The results in this figure indicate that the change
in the roll angle was small, approximately 0.4 degree,
the same as in the results obtained from the actual

measurements.

-10

Roll angle[deg]

-20 —

15 20 25

-14 =

145 V“

-15

Roll angle[deg]

19 20 21 22 23 24 25
Timels]

15 16 17 18

Fig.12 Roll Angle when the Friction Coefficient of One
Wheel Changes

Fig.13 shows the left and right front tire forces obtained
from the vehicle simulation. Focus on the vehicle
behavior starting from the 20-second mark. The lateral
force of the right tire tended to decrease when u, was
reduced. In response to this, the lateral force of the left
tire tended to increase. Consequently, a phenomenon
in which the other tire (not passing over the low p road
surface) appears to compensate for the decrease in lat-
eral force caused by the reduction in the friction coeffi-
cient was observed. Although some fluctuation in the
vertical force can also be seen after the tire passed over
the low p1 road surface, the amount of change during the
pass is very small and no other movements were seen
that appears to show a difference in load on the left and
right tires. In order for the tire to generate the lateral

force to compensate for the shortfall of the other tire,
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for the most part, this would require changes in the tire
vertical force, roll angle, and tire slip angle. In this case,
there is little change in the tire vertical force and the roll
angle, so the examination continued with a greater focus
on the tire slip angle. Fig.14 shows the tire slip angle
and steering angle. Slip angle direction is shown in Fig.3.
These results show that the front tires have a positive slip
angle when the vehicle is turning, but that these change
to negative direction at the same time that the friction
coefficient of the right tire changes. In other words,
the change in the slip angles of the front tires causes
the generation of a cornering force on the inside of the
turn and so the tire lateral force increases. The steering
angle also increases on the inside of the turn at the same
time that the friction coefficient of the tire changes.
This indicates that the slip angle of the front tires has
changed. In this way, the front tires develop a slip angle
at the same time that the friction coefficient of one of the
front tires decreases and this in turn compensates for
the decline in lateral force. The result of steer angle also
shows that the same trend can be recognized on steer
angle measurement data in Fig.7. This indicates the rider
control model works almost same as the steer control of
actual rider in this situation.

As a means of comparison, Fig.15 shows the results
when the p, of both the front tires becomes 0.14 for 0.2
seconds after the 20-second mark of the simulation. The
analysis actually stops in this case because of a very large
change in the vehicle posture. However, in comparison to
the results obtained when the tire friction coefficient is
changed for only one front tire, it is obvious that there is
a much larger change in the vehicle posture. As a result
of this investigation, it is thought that when the friction
coefficient of a single front tire declines, the other front
tire generates a lateral force and this restrains the

change in the vehicle posture.
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180 3-5. EFFECT OF THE OTHER FR.TIRE PASSES OVER A
Z T gt LOW p ROAD SURFACE
[
= Next, Fig.16 shows the results of a simulation using
o«
E the same conditions described above, except that this
Q
E time it was only the front left wheel (the wheel on the
50 inside of the left turn) that had its u, changed to 0.14.
15 16 17 18 19 20 21 22 23 24 25
(a) Lateral force In the same fashion as when the outside front tire’s p,
700 o ' ' ' was decreased, the change in the roll angle was small
Z and the front tire appears to generate a lateral force to
% R compensate for the decrease in the lateral force of the
o
s VY other front tire. This result demonstrated that the same
E result was obtained no matter which of the front tires
4001 5 16 17 18 19 20 21 22 23 24 95 suffers a sudden decrease in its friction coefficient.
Timels]
(b) Vertical force 14
=11]
L]
Fig.13 Tire Force when Friction Coefficient of One Tire =
Changes oh-14.5
5
c
Ei o ®s
< 04| | 15 16 17 18 19 20 21 22 23 24 25
[}
ey a) Roll angle
g 0.2 —— Lefttire @ 9
202 o gt z 180 — Leftire
(] 0 8 - Right tire
=
15 16 17 18 19 20 21 22 23 24 25 <
(a) Tire slip angle =
a8
— [-~]
g’ =50
-% I | 15 16 17 18 19 20 21 22 23 24 25
E‘) 25 Time[s]
© (b) Lateral force
g 27 ]
Q
Z 15 ‘ — ‘ Fig.16 Analysis Results when the Friction Coefficient of
15 16 17 18 19 20 21 22 23 24 25 the Inside Tire Changes
Timels]
(b)Steer angle 3-6. EFFECT OF THE LARGE ROLL ANGLE CONDITION

Fig.14 Tire slip Angle and Steering Angle when Fric-  All of the investigations described above were carried
tion Coefficient of One Tire Changes out under conditions in which the roll angle was about

14.3 deg. Therefore, the roll angle was changed to 30

E’ 1: _ deg by increasing vehicle velocity and another analysis
= was run in order to confirm whether or not the same
5 8y phenomenon would occur under the conditions. Fig.17
& 201 shows these analysis results. The results confirm that

15 16 17 18 19 2([)] 21 22 23 24 25 both the roll angle and tire lateral force show the same
Timels
tendencies under these conditions as they did in the

Fig.15 Roll Angle when Friction Coefficient of Both  analysis results obtained when the roll angle was 30 deg.
Front Tires Changes
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Fig.17 Analysis Results When the Roll Angle was
Changed

3-7. EFFECT OF THE RIDER CONTROL MODEL

In the simulations and analysis described in this paper
up to now the phenomenon that occurs when one front
wheel of a LMWV passes over a low p road surface
while cornering has been investigated. However, these
analysis results included steering torque control that
simulated a rider. It is conceivable that in reality the rider
would react too slowly and there would be no steering
intervention. Consequently, the simulation was carried
out again, except that this time steering torque control
was not applied to reach the target roll angle when one
of the front wheels passed over the low p road surface
so that the effect this has on the vehicle behavior could
be isolated. Specifically, a constant steering torque of
-2.9 Nm was added instead of the steering torque control
of the target roll angle starting from 17 seconds after
the simulation began. This constant value is the average
steering torque from the simulation analysis that was
obtained under the following conditions: a steady state
circular turn at a target roll angle of 14.3 degrees and
a vehicle velocity of 30 km/h. Under these conditions
it was possible to examine the behavior of the vehicle
when the friction coefficient decreased and there was
no steering toque control to reach the target roll angle.
A simulation was run in which only the front right tire
of the vehicle had its u,reduced to 0.14 for 0.2 seconds

under the conditions described above. Figs.18 and 19
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show these simulation results. The steer rotational
coordinate in Fig.2 is used as steer torque coordinate.
The results in Fig.18 indicate that the steering torque
of the rider model does not change when the friction
coefficient of one of the front tires decreases. This
means that it is possible to carry out this examination
of the vehicle behavior even when the steering torque
is constant. Furthermore, the results in Fig.19 indicate
that the vehicle is still running stably, even though the
change in the roll angle has increased. The results also
demonstrate that the tire lateral force, slip angle, and
steering angle have the same tendencies as in the case
where target roll angle control was applied. It is thought
that this suggests that even when the steering torque is
held constant, the front tire slip angle and steering angle
are changing and this causes the steering to turn toward
the inside of the corner due to the torque from the
vehicle body side. This in turn causes the front tire slip
angle to change and a force is generated to compensate
for the amount of decrease in the lateral force. In other
words, it can be said that LMWV possess characteristics
that reduce the steering control load on the rider that is
necessary to stabilize the vehicle posture. These results
confirmed that, regardless of rider control, a tire force is
generated that compensates for the decrease in lateral
force when one front wheel passes over a low p road
surface and this suppresses the change in the vehicle’s

posture.
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Fig.18 Steering Torque during Analysis
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SUMMARY,

The following conclusions about LMWV were able to

be drawn from the analysis and examinations that were
carried out using actual measurement tests and simu-

lation models.

1. Measurements were taken using an actual LMWV
when one of the vehicle’s front wheels passes over a
low p road surface while the vehicle is cornering and
rider keeps a steady state turn. The measurement
results clearly indicated that in reality the change in
the vehicle posture under these conditions is very
small and the decrease in lateral force on one front
tire when it passes over the low p road surface is

compensated for by the other front tire.

2. A simulation of a LMWV was created to confirm the
existence and cause of this phenomenon by the vehi-
cle behavior when one of the vehicle’s front wheels
passes over a low p road surface while the vehicle is
cornering. The simulation results were analyzed and
it was shown that the change in the vehicle posture
was also small when the friction coefficient of one
front tire of the LMWV decreased. The results clearly
indicated that when the slip angle of one front tire
changes, the other front tire compensates for the
decrease in lateral force. In addition, further analysis
of the simulation vehicle was also carried out under
conditions in which the target roll angle control of
the rider model was removed. This confirmed that the
same phenomenon also occurred regardless of rider

control.

3. The investigation described above was able to show
one of the main causes that contributes to the sta-

bility of LMWV during cornering.
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Development of Magnesium Vacuum Die-cast Wheels
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Abstract

Magnesium has the highest material strength among all practical metals, and is extremely light, with a density of
approximately 1/4 of steel, and 2/3 of aluminum. It is an essential part of the weight reduction demanded of vehicles
in recent years. In addition, motorcycle wheels are required to be both light in weight and have excellent designabil-
ity. By changing the materials used from aluminum alloy to magnesium alloy, and changing the technology used from
the conventional gravity casting method to Yamaha Motor's proprietary vacuum die-cast method, we have succeeded
in developing magnesium vacuum die-cast wheels with both highly-attractive product attributes and excellent mass
producibility. Compared to aluminum wheels made with the conventional gravity casting method, we have produced
magnesium vacuum die-cast wheels which are 530g lighter for the front wheel and 340g lighter for the rear wheel.
By doing so, we have also reduced the moment of inertia by 4% for the front wheel and 11% for the rear wheel, signifi-

cantly contributing to increased handling stability.
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Abstract

In recent years, aluminum alloy has been widely used in the automobile industry in order to promote vehicle weight
reduction. Yamaha Motor extensively uses the aluminum die-casting manufacturing process in particular to create
thin motorcycle components with complex designs. One major cause of defects in die-casting is porosity, which occurs
due to solidification shrinkage or air entrapments during casting. This research proposes an initiative to reduce air
entrapment. First, water model test equipment was constructed to simulate the die-casting machine and visualize the
filling inside the sleeve and die cavity, which in turn enables clarification of the air entrapment phenomenon mecha-
nism. Next, quantitative evaluation of the air entrapment volume was carried out using computational fluid dynam-
ics (CFD) simulations, followed by reduction of the air entrapment volume by optimizing factors such as the casting
conditions and gating shape using a genetic algorithm. Finally, casting experiments were performed on the die-cast
machine using the optimized factors, and reduction of the air entrapment volume was successfully confirmed. The

results and effectiveness of the proposed method are presented in this report.
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