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Concepts, Marketing Sense and Entrepreneurial Spirit

R IER

What you felt the instant you gave the bicycle’s pedal a good push with your right foot was more than just
a feeling of lightness. It was the Kando* of having found a new type of vehicle that completely overturned
existing preconceptions of what a bicycle can be. This year, we celebrate the 20th anniversary of this Yamaha's
PAS electrically power assisted bicycle.

Our corporate mission is to be a “Kando Creating Company.” To achieve this, one of our management
principles states our dedication to “Creating value that surpasses customer expectations” in order to bring this
Kando to people all over the world.

The real meaning of “surpassing customer expectations” carries great weight, and it cannot be expressed
simply in terms of performance, price, or product specifications. Furthermore, it does not necessarily require
using state-of-the-art or innovative new technologies to be achieved. However, it is important that we possess
the ability to understand the target customers in depth, the sensitivity to recognize needs that even the
customers themselves can’t express in words and the perceptiveness to be able to visualize how to create a
something that fulfills those needs.

In other words, in creating concepts, it is crucial that we ask ourselves in our thought processes what kind
of customer expectations we should meet and how we surpass those expectations in a way that brings them
Kando. Although it is possible to acquire technology and know-how that you may not already possess, creating
a particular product or business concept is something you must pursue by yourself, and will always have
value that is unique and original.

There were no state-of-the-art technologies employed in our first PAS bicycle. What it did have was a novel
product concept and the entrepreneurial spirit to overcome various hurdles and bring the world an entirely
new product. There was no simple, straight path to success as a business. A combination of not only product
evolution over these last 20 years but also an expanding user base, changes in the sales network, expansion of
product categories, revising (relaxing) of legal restrictions, etc. have contributed to making the PAS a product
that answers the needs of the times in Japan as well as European market today.

As the representative of YMC’s Business Development Operations, I've put initiatives in place to aim for greater
growth by expanding existing businesses and establishing new businesses. I believe the most fundamental
factor for this challenge lies in the marketing sense and the entrepreneurial spirit of the people involved.
Early this year, Yamaha Motor established its new “Revs your Heart” Brand Slogan with the aim of
encouraging shared awareness of our corporate philosophy and spreading the image of the brand we aspire
to be. Our hope is that Yamaha Motor employees in Japan and around the world will nurture and refine this
kind of marketing sense and work to foster this entrepreneurial spirit as one organization in order to elevate
our ability to create concepts and our technical capabilities. The result will surely help us move a step closer

to achieving the high ideals we have set for ourselves in our corporate mission.

*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.

YAMAHA MOTOR TECHNICAL REVIEW



Fi ik RZ ST, 7y EEEFGA LRI U 2 E DX 21 Tl a0, Flis O E e S 2 T B2 5
TITDF LD IFROYNH & 1 NEH) 1725 7, TOPAS(FBE 7S A S Hifigsi) 5 4E 20 4E 20 2 72,

A H AN DREIALE R 2R LTV 5, T OEIRD T DI EBLEO N T, EE DR ZIEB X %
MifEDAE I XD EE 2T 2L 2 E S LTV 5,

MRz 2% 2 WO RBIOFRF ORI IERICH L Bz B MERERiAS, ARy 7 TRBITEAMEDED T
R0 KTz St F R RN D IO E KB TE R VDT TERW, UL U R OGO RO
HEDNSEICTERVLANIVDZ—=ANDOEUTZ 1T D= A ESRBIT B0 A A=V TELEMLRED
=T T4 AFio TV A IENHEETHZ, DED R DR DEDKIBWFHIRZZNEN Th
ESMABLIEINCENZDM . L0V T MERNIEREICHEREREEZE T X728 WA 5, Hitie /7713,
RICHAD THRALTO R LB EITRETH S D, COBN - FHEIV v T MERIZHSDER L TOINEHIC
AV FHIVIiifiTdH %,

PASICIZ S Eeii i3 b N Tz, Ho7z DI B OFHT a7 b e & m— RV DA T, E DI
&z 282 OISR INCHT, EVIRED ZE) Y h R T—AH 1Tl ah > T FHENRIE S T b,
CD20EDNICBIFHORE(L 721 Tl VBIRE DL IR D ZE b, 117 TV OFEGR, F I LRI O UET #EA) 7%
ENERTH BN TGS T D E IR PASICHIIL TE X5 ThH 5,

BIE, HEBRARIZ RN T FiTe R B2 HIE L2 O IR H LD L ICHOfATHhSE
TATHHH W7 FiElZMDT, COHEE- BN T NOMENFTHD ., ZDT=dIliREHELEDDHE
DBANEDOR—=r 7472 ALREFNEMIEASE 2B,

SEOYDICREIZZ 70— VAL, HERET TSV RMEDIREZ HNE L TH LW T SV FAT—7
~TRevs your heart ) Z5KE Ul WAADREEBW DR =T T4 7 A JEE ZMF BTl L Mk LT
HERDOAEY FORERICINOFHT LT a7 ME e R ) D) FICD R g H TS w0 EAHIC
—IBTEEDTTVITEEEZ TN,

&R EfE
Masahiro Takizawa
HUiR

YAMAHA MOTOR TECHNICAL REVIEW 4



15 &

5

2014 €71V XVS950CU BOLT

2014 model XVS950CU BOLT
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Abstract

The Yamaha Motor group sells cruiser motorcycles in the North American market under the “Star” brand name.

From the models for 2006, there has been a renewal of Star brand model development around key words of “Emotional”
“Advanced” and “Performance.” Centering on three engines with displacements of 1900cc, 1300cc and 950cc, the
“Roadliner,” “V Star 1300” and “V Star 950" Star brand models were introduced on the market as our Classic line of
models.

In answer to recent trends in the market, we developed the Raider and Stryker, two chopper-style models released as
additions to our Custom line that feature more dynamic and unique styling, and use the same type of engines in our
Classic line.

The new Bolt model has been developed as the final piece to fill out our Custom line of models. It mounts the lowest-
displacement 950cc engine in the line, and has a different styling direction from the other two previously mentioned
models with the aim of answering the growing preference for bobber-style machines among younger users.
Bobber-style machines are defined by minimalism and slimness. These traits match well with the preferences of
young users for easier to handle under-1000cc machines and make this model one that offers both the styling and

functionality they want.
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Introducing the “FAZER” industrial-use unmanned helicopter

Currently, there are more than 2,400 units (number registered in 2013) of the Yamaha “RMAX” industrial-use

unmanned helicopter in use for crop dusting in the Japanese market alone. The total area of rice paddies dusted by

these helicopters for pest control has grown in scale to represent more than one-third of the country's total rice paddy

area under cultivation, proving the necessity of these industrial-use unmanned helicopters in Japan's agricultural

industry. However, despite the strong reputation of the existing RMAX, 15 years have passed since the model's release

and it has only undergone numerous minor specification changes over this period. There are limitations in areas like

the various systems employed, the platform and the weight of payload it can carry, and these limitations do not leave

sufficient room for advancement of its capabilities for the future. Due to these conditions, we undertook a full model

change to develop a next-generation unmanned helicopter. In this report, we introduce the new “FAZER” industrial-use

unmanned helicopter and its development.
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Introducing the “FAZER” industrial-use unmanned helicopter
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Introducing the “FAZER” industrial-use unmanned helicopter
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The Helm Master — Fully Integrated Boat Control System

EF M

Abstract

North America has a well-established boating culture and enjoying marine leisure in motorboats or sailboats, etc.,
is a common way to spend free time on the weekends and holidays. For spending leisure time on the water, large
boats with spacious onboard living accommodations and proportionately large, powerful engines are very popular.
However, the larger the boat, the more difficult it is to maneuver in and out of docking areas. This is a part of boating
that proves challenging not only for boat operators with little experience but also for more experienced operators.

To help facilitate the complex and often stressful task of maneuvering and docking/undocking a large boat in marinas,
the “Helm Master” boat control system has been developed for large-class 4-stroke Yamaha outboard motors (225-350 hp)
mounted in twin- or triple-engine configurations.

This system supports boat operation when maneuvering through particularly narrow areas like during docking/
undocking and navigating tight waterways and marinas by integrating the outboards'steering, shifting and throttle
functions as well as enabling 360-degree directional motion of the boat that includes direct sideways movement and
pivoting in place.

In this report, we introduce the Helm Master integrated boat control system with its functions designed to support a

wide range of boat operation in ways that greatly reduce the demands placed on the operator.
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The Helm Master - Fully Integrated Boat Control System
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The Helm Master - Fully Integrated Boat Control System

4-1. Joystick Docking
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The Helm Master - Fully Integrated Boat Control System

4-3. Digital Steering
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4-4. Y-COP® Theft Deterrence
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Development Concept and Future Possibilities of Electric Power Units for Wheelchairs

Rk £

Abstract

Making use of its advanced electronic control and drive unit technologies accumulated from the development

of products such as our industrial robots and electrically power assisted bicycles, Yamaha Motor Co., Ltd. (YMC)

introduced in 1995 its “JW-I" electric power unit for wheelchairs as a product that meets the needs of welfare and

aging societies. Since the release of the JW-I, YMC has continued to command a large share in the electric wheelchair

market category in Japan for modifying users'wheelchairs to use electric power units. Together with the successor

model “JWX-1" launched in 2006, Yamaha wheelchair products have been used and loved by many people. This paper

describes the background to the development of these products, their development concept and future possibilities.
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Development of a 4-stroke engine for the FAZER industrial-use unmanned

helicopter
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Abstract

EG A&

For the full model change of Yamaha Motor Co., Ltd.'s “FAZER” industrial-use unmanned helicopter, a 4-stroke engine

(Fig. 1) newly developed by Yamaha Motor Engineering Co., Ltd. is used as its power unit.

We adopted this 4-stroke engine to improve environmental performance, and developed various techniques to reduce

aircraft weight to achieve a stable operating payload (loading capacity). Various weight-reducing measures were

implemented in order to clear the regulations set for industrial-use unmanned helicopters.

In this report, we introduce the 4-stroke engine developed for the FAZER with a particular focus on our approach to

reducing weight.
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Development of the YAMAHA DRIVING MONITOR SYSTEM
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Abstract

In recent years, motorcycle makers in Japan and abroad have been supplying police bike models for police forces all
around the world. Police bikes for overseas markets have to comply with the regulations of the country they are used
in. For this reason, the function and equipment mounted on police bikes have become similar and it is increasingly
difficult for makers to differentiate the features of their products from those of the competitors. On the other hand,
because police bikes may be used for emergency operations such as the pursuit of suspected criminals, etc., there is a
need for their functions and performance to always be maintained in top condition.

In answer to these needs, we explored the possibility of employing the type of device now commonly used on
automobiles to record and monitor data about the vehicle's running conditions. We developed the “YAMAHA DRIVING
MONITOR SYSTEM” with the aim of mounting a device with these functions on the next version of the “FJR1300AP”
police bike (Fig. 1) destined for overseas use. The system we introduce in this report is a specialized accessory for the

FJR1300AP and will only be available to overseas Yamaha Motor group bases.
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Development of the PAS Torque Sensor
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In 1993, Yamaha Motor developed the “PAS” electrically power assisted bicycle, the world's first product that provided

a power assist for a human pedaling from an electric motor. Since then, development work has focused for the

drive units more compact and lightweight, improving the performance of the battery and achieving higher levels of

maturity in the feeling of the ride. In this report, we discuss the development of the torque sensor component of the

“triple sensor system” adopted for the first time in Japan that provides a more natural feeling to the power assisted

ride.
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Development of the PAS Torque Sensor
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Development of an environment simulator for use in developing unmanned
vehicles
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Abstract

Yamaha Motor Co., Ltd. has been developing unmanned vehicles (UVs) designed to perform outdoor surveying and
observation in the place of humans (Yamaha Motor Technical Review, 2008-12 No. 44, pg. 49). These UVs travel on
suitable routes by using GPS positioning data and perimeter data from a laser sensor (Fig. 1). Among these vehicle
functions, it is effective to use computer simulation to develop the laser sensor’ s recognition capability (accuracy).
Therefore, we utilized programming tools for game development and succeeded in the development of an
environment simulator complete with previously unavailable functions like a virtual 3D environment of an off-road
course comparable to an actual test course, and a “vehicle eyes” function (recreating the laser sensor's function for

obtaining large volumes of data about the surrounding terrain and distances on the virtual course).
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Development of an environment simulator for use in developing unmanned vehicles
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Estimating the thermal fatigue life of Iead-free solder joints
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Abstract

The use of electronic devices in engine control systems, safety systems and telecommunications is increasing.
Compared to home electronics, electronic devices for motor vehicles are often exposed to a more severe environment,
such as higher temperatures, thumping vibration and higher humidity. Furthermore, considering the longer product
life expected for a motor vehicle, these electronic devices are expected to have a high level of reliability that lasts over
a longer period. The method largely used for attaching electronic components like resistors and condensers to the
circuit boards of electronic devices is soldering.

Circuit boards and electronic components for motor vehicles are subjected continuously to large temperature
fluctuations due to changes in environmental temperature, radiant heat around the engine, the heat generated by
the electronic components themselves, etc. Generally, the circuit boards and the electronic components mounted on
them have different coefficients of thermal expansion, and the difference in the amount of expansion and contraction
they undergo causes thermal stress in the solder connecting them (Fig. 1). This results in “solder cracks” forming
in the joint and eventually breakage that leads to defective electrical conductivity (Fig. 2). The thermal fatigue
characteristics and reliability of solder can be evaluated by means of temperature cycle test that subjects the solder
to repetitive cycles of high and low temperature conditions, but even accelerated test cycles can often require several
months. On the other hand, there is a need to shorten development time and reduce the number of rework tasks
involved. Reducing cost by optimizing product quality is also an important issue, and all of these increase the need for
technology that can estimate the thermal fatigue life of solder joints.

In response to these needs, we have been developing reliability technology for solder joints in electronic devices for
motor vehicles, focusing on the temperature fluctuations in such devices. In this report, we introduce technology
that uses simulations employing the finite element method for estimating the thermal fatigue life of solder joints in

thermal cycle conditions.
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Estimating the thermal fatigue life of lead-free solder joints
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The 2013 model Spark115i
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Spark 115i

Abstract

Thailand's annual motorcycle sales smoothed out at approximately two million units (Yamaha Motor survey, 2011
results). About half of demand is for manual transmission (MT) moped type models and the other half for automatic
transmission (AT) scooter models.

Despite the growing percentage of these AT models in recent years, there is still steady demand for mopeds thanks
to their practicality and fuel economy, and the affordability of basic mopeds particularly in regional cities and rural
areas. Among such moped models, Yamaha's current Spark Nano has been well received in the market for its good
performance and high level of utility. However, calls from the market for even better fuel economy, ease of use and
other qualities led to the development of the new “Spark 115i” model (hereafter “this model” ) (Fig. 1) introduced
here.

This model is designed and engineered with exacting detail throughout with a fundamental focus on providing higher
levels of comfort, familiarity as a vehicle that makes it easier to ride for more people and enjoyable drivability for
practical uses like daily shopping or commuting.

The power unit consists of a newly developed air-cooled 114cc, SOHC, fuel-injected engine with a 4-speed automatic
clutch. This unit achieves both excellent power delivery characteristics and fuel efficiency. Furthermore, the adoption
of a number of newly designed chassis components contributes to this model's excellent handling characteristics,

comfort and enjoyable performance from low speeds all the way up to the high-speed range.
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Development of the F200F, the lightest 4-stroke large outboard model in its class
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Abstract

Since the introduction of emissions regulations throughout North America in 1995, it has become a necessity to
develop engines with environment-friendly performance.

Conventional carbureted 2-stroke gasoline engines, with their compactness, light weight and simple structure, were
replaced by direct [combustion chamber] fuel-injected 2-stroke gasoline engines and eventually to the intake duct
fuel-injected 4-stroke gasoline engines that are becoming mainstream today.

Advances environmental performance major improvements in emissions, fuel economy and noise reduction at lower
speeds, butweight and cost increased. In this report, we discuss the development of the “F200F” large-class outboard
motor that achieves weight and propulsion performance on par with a 2-stroke outboard motor as a result of a

thorough pursuit of a lightweight, compact design and more.
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Development of the F200F, the lightest 4-stroke large outboard model in its class
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Development of the F200F, the lightest 4-stroke large outboard model in its class
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Development of the F200F, the lightest 4-stroke large outboard model in its class
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Development of the F200F, the lightest 4-stroke large outboard model in its class
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The E028 lightweight bifocal type portable floodlight
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Abstract

Yamaha Motor Engineering Co., Ltd. (hereafter “the company” ) has continued to supply products for fire departments
since the marketing of an electric hose layer unit (a wheeled fire hose laying unit used for laying extension hoses from
the fire truck to the fire) in 1985.

This ride-able electric hose layer unit is the only one of its kind in Japan and has won approval as a product that
reduces the workload of firefighters and enables them to focus more on extinguishing the fire. Other products sup-
plied by the company include a hand-pulled hose cart and a motorcycle for fire station work and patrols (nicknamed
Akabai or “red bike” ).

The lightweight bifocal type portable floodlight introduced in this report is the product of a joint research and devel-
opment project between the company and the Tokyo Fire Department, begun in 1996 at their request for a brighter

and lighter floodlight unit.
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The E028 lightweight bifocal type portable floodlight
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The 2014 snowmobile model SRViper
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Abstract

Over the past ten years, the demand for new snowmobiles had been decreasing in the North American market. How-

ever, since 2011, we have finally begun to see signs of market recovery. In light of this, we decided to expand our

lineup of model variations via a product supply agreement in a new style of business. The new SRX120 youth cat-

egory model launched last year is the first model released under this new business style.

This year, we released the SRViper in the sports category as the second model under this business style. The model

adopts the Yamaha-built 3-cylinder, 4-stroke engine that has such a strong reputation in the market, and a chassis

supplied by the collaborating company under the product supply agreement, and will be marketed as a Yamaha brand

snowmobile.
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The 2014 snowmobile model SRViper
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The 2014 snowmobile model SRViper
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2014 model ROV VIKING

2014 €7V ROV VIKING
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Abstract

Currently, the North American Recreational Off-Highway Vehicle (ROV) market has an annual demand in the range of

200,000 units and forecasts predict that this level will grow in the future. From agriculture and hunting to trail riding,

ROV uses vary widely. The “VIKING” was developed to cover this wide range of uses. It provides both the practical

functionality required for utility use and the enjoyable running performance and on-board comfort desired in leisure

use.

In 2012, wholesales of Yamaha ATVs (All-Terrain Vehicles) and ROVs totaled approximately 70,000 units, and our

medium-term management plan calls to raise that total to 110,000 units by 2015. In this report, we introduce the

VIKING, the first model in this plan.
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YMMC Product Development —[7]

Todd Booth (i)

YMMC (Yamaha Motor Manufacturing Corporation)
PD (Product Development)

<Message from YMMC-PD>

The 2014 Viking is a milestone vehicle for the global
Yamaha RV team. Just as Yamaha created the side
by side market in 2003, we will again reinvent the
market in 2014 by offering top-class occupant comfort,
functionality, terrainability, style and value. The Viking
is just the first of what will be a new ROV (Recreational
Off Highway Vehicle) launched each year for the next
five years. The Yamaha RV team is made up of equal
parts YMC and YMMC design and testing staff that
have formed a special partnership that blends the best
skills, experiences and resources of both sites to develop
products that exceed customer expectations. This special
YMC/YMMC partnership reaches back to 1996 during
the development of the Beartracker ATV. The YMMC
Product Development team is passionate about off-road
products and is motivated by the pride we feel when
meeting satisfied customers at various riding venues.
YMMC PD, together with our partners in YMC RV, will

never lose sight of our customers.
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Development of a TIGMIG hybrid welding process for aluminum chassis
welding application
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Abstract

Arc welding is a widely used method in motorcycle chassis construction, from its joint strength and design/application
flexibility. Though, in a mass-production robot process of a complex shaped chassis welding, there has always been a
need for re-work by hand, due to multiple reasons, including lack of start-point penetration in MIG welding.

This project focused on this start-point penetration, and developed a TIG/MIG hybrid welding process that forms a
molten pool prior to MIG start, along with a compact tool suitable for motorcycle chassis application. The result was a

68% reduction in re-work time on an on-road type chassis.

13 Loble

FE—R—Y A7) OHAT L— LOEEITIT kTR
HE. BXUCEABEOBEI ST —IRENLSHWS
NTVWB,TIVIHAEAT L —LDOEE . —fRIICETENS

UL, HRIEF R E O @ OMIGHE# THh > Th 1Ry b
fili TICHB W T ERMEZ 100%Hi72 91 iE B> THES T,
BURTRNVFTIGIAIC X B AfiaH (DL, FEL) 2 i

i)

7 — vk Lid e kT KO TIGIEH L T kE=E R 5 2C
DOMIGIAHN H % TIGIAHEDFFHRIZZ DREBRIRHEE —R
SLBI . ABMTH 9 B 1625 2 S O I EEIRIC B D MIGTA $2
ORI EE IR SRS IS 2 PR IEICH 5. V< NVFE
T TIERE 7 L— LRy MARICEREZRIL VS
(1),

4 o 3 =y

T

1 70L—LoOORY b MIG BFHEOER

TREEET %220, FEHLOKINE &5 S EOREAR
BIGICIE, SRS S - 1Ry S OG- 77— 7 D2 ek Ix
EXRIRBERDEAINCKEATED, HLRRR IRSEED D
LHNTVREDD, 7 IVITL—LOBHICBWTFELE
DI U W N0V, Z U, fid o %
INT Y FER DM, R LR T UL RS IR WOMIGIEE DR
NN H ST TH %,

AR TR COMIGIAED BB 2 2D 50
77 a—F LU TCTIGMIG A7)y RIEH TiER T 5 &
LEIT, TN IR PRI ] U7z BR O T 18 LI S 72 3
L7k RIS DOV TR,

7ILEMIG R EIR 80

7V I MRHE BMAE R D S TR i D AT 2
MU PANESLBL TOL, Sk E FER U TR O T )L I 0
BECBOW T SREIDE SV T =R ROENZD
ECDDTH S, 7V IMIGIEHE ORI EESBRT AV

YAMAHA MOTOR TECHNICAL REVIEW 72



TIGMIG /\ 1Ty FigiEDRRELERIL

Development of a TIGMIG hybrid welding process for aluminum chassis welding application

LR I7AY) D MO TY — 723 EXE U4
YE R D L EICTARL RN SHEITT B 8CH D, T 7%
b T —IHRETAVIERRIINT VAL TSI
TRICRUTT =7 ABRD B EIAZTZD  I55E S8 D 7% W
AT2DTBILIETERY,

PE> TP % O R TLIE DMRO I, 37 b B IAHZ B
BERL (LU R R RD ICB W TR RIS AT A VIR ITE Wy
DHEVTDI TEE BB M ERIE LR (M2), ZDIR
BRI R ORI K> T D 5 10~ 15mmEE DR E
WIS TREBC L TAHRIE DK N2 <72 Tl GBI
AR E TR o T2l — RERRA DS TR DR IN & 752 %, T4
PREE I O TR, CO X IREA RN 2 VA%
WSS YIBRT B2 FELAHVONS LI LE—F—Y 17
VO HET L— L2 D56 AR O 2 JE ARG TH
5728 M TAARICYIRT 277EIE A TE R0, £ D72 bh
WME—FDOMNBIRZ NV RTIGTR A ICKD, RIZDh ik
JEARIIEIES BT FIELB AL,

2 ER MIG BEIRROE— FABREAITAH

b B B EEDSHD
Ny RiREE

3-1. BEEINA7)y FMIGBIEDTE RS

B T ARTzE 51T, MIGTAR O FE L EIT IR SR
DIERMBR T — VDB REN VLIS E S TA
RARBICH S, DFED IBEGBEMHBETICADOAE
RMICH5 25T EMTEBMHMEATEZ WX, hah
SRIMICTHE D HRIA T — IV 2R T 5D A[EETH S,

MIGIARECA B % 5.2 5% Z 13 0CkM HIEEL. Y
WISUCTCTIGTY — 27/ S5 AT —27/L—YIimEMMFnnirs
NTVB(X3), L LELDYS. ZDO—F P A ADKEE
I K0P NIRANOHE A RDEND T L— LB
WEHETH S,

73 YAMAHA MOTOR TECHNICAL REVIEW

TIGMIG TS5XIMIG L—H¥MIG
NATYYR NATYE NATYYE
BFFEDQAL | FRTIGCOSEIL | MIGOEAZEL | MGOERAEIL
(FIig) (RS US) (R, MY |(FPIEAR. BB L)
SRR A
~DEHE O A A .
(MBROEFHRD | (HNROETIEAS)
IL—LiEE
peict X ‘ X X “
(F—=FH4X) (b=FH4X) (F—=FH4X)

3 RBENAT v K MIG D

3-2. WREBAHAHFEFTIGMIG/ T Ty FORIB
W TTIGMIG A 7y I N5 Tikid MIGTEH
TR MBRZEINZ S THE LIRS RE N X85
CEMHMNTH S M, ST TR D TR AT — VB K
WKTIGT — 27 W3 T DWW TR, 9 MIGT—7
D> —)VRHAF R ICTICD R 7 AT Tz Rl AL,
MIG A& — MEFGICTIG 7 —Z I KO IRH S — IV & IE KT %
WIIGER 21 To 72 (X12) o Z ORER, DL R 2 i iR E N iz,
*TICT — 7 &R LTI MIG T — 71 il § % & ik
LIt DOTIGIARE Y — )V _EICMIGE — R DB E N, bk
ME—RERMHEES U (K4a),
‘TIGT — 2% 4309 B RICMIG T — 2% il § % 2 & T,
EH AL MSEOTRITARLE — REE RGNS
515 (1X14b),

i

-

4a TIG JHIM&IC MIG RZ— b

4b  TIG jH3METIC MIG X2 — b

3-3. &EERTREEES M —F DR

3-3-1. b=FAvyFDOaVINVIME
IR T, 757y bR LTMIGh—F ETICh—F

DM J772 Ry McEEE U (K5), L LT Tid, 35

PHIE RO W E > TR\ DH DR TH %, Z T T TIG

EMIGIH 7] DEMZ R B DDA RER RO O I Nl &

—F B HTIT B E LT (K16) . G F—F DR HE LTI,



TIGMIG /\/ Ty FigiEDRRELERIL

Development of a TIGMIG hybrid welding process for aluminum chassis welding application

TIGEMIR IV Z — (i) ZMIGH A/ X))V (i) DY A Rl
YEUT TIGNNY = —7 )V (il ) BEUTIGH AR —A (iv)
ZEMIGh—=F 3y 7ONIBIEDLE TV ENHF 5N,
TIG/ ST —r—7 )Vt I3 TIGFE Mk )L & — DRI i hzHL
DTS, TIGH ZFREK L XV JEi (S TMIGH AFik &
BT 5. CORGEICKD, HWICHiFE N z2D DFEMiAND

MG L 2D DY — )V R AR DB FLZ X > T, THIC,

PERMIG b —F & D HARMEZ2 (R T E BT HERMIGH R Y
F e KELUGE T BT L H<NA Ty Rh—F 2 d
BTENREE STV B,

ISk , \
MIG}. - Y ¥
MG
Ha 2 & 4 TIG
Q{&’ _ ’;i”f"j ) AaA—2
% )\g‘ ‘ \TIG
& ey D = —F )L

MGH —F RN
= TG
Tig HAR—RAv)

=) TIG%EEHUI/;?'—( i)
TIGHR /X)L |

6 NEULERSfHESI—F

3-3-2. TIGEWAYTFHVATHNDHIG

R ET A XSmO T — 7 254 &8 5MIGHE# D
MBGEET VT CAR Fv ) ARG, 77— 7B X B 1HkE
FEET, BICTAVEDINCLOF v TNENEKRICE
BTN REL 55,9 5bb, Ty T4 RN R
VERETAYOUATHELTORELIIML N, ZTD—);
T.TIGEMZTNAKRN T =T DR TH ST, mil o

R AT VTHBICE DS I VAR AR K > TIHFEL.

R E TS E IR AL 75 %, ZHUITIGMIGNNA 7 Uy R
BV TEIARE T, TIGHE Mz fif 2 72 7z HICHERMIGICIE /&
Mol ATHE LTI /E%, 2T BlFmiB LU
P TR D2 D DB T T OB 2 & M L7z,

MR AN LT, 7OV B EISEE VLS N5 R
TIGE I U TEMBIFED D IR VERRTICZ VWA T L T
W7y o Tzl AR EI S A F R BN L R R
TIGTT VI ZIAHET AT TE RV, ThUd, 7IVIIAREIC
BN T T ABN DT =T DO 7Y — =2 71
Wi Tz TH B, LU, TIGT — 7 T s 7 — )b
ZERLUZ D LICMIGT — 772 DA TIEcB T, 7'—
)V EOEELEIIMIGT — 7 D7) —= T ERThrEIN,
R LB BB ORI B2 5 2750w e -T2 (KT,

7 ZARTIGE) LEERTIGE) DHEED
BV A LB

RECEITH L TR . TICEMB XU M —F v 75z
1BITIC/ ST —r —7 )V D& E BEREIC TR 2 fitid Z & THS
UTeo TIGE M D 51 . FEMROD 45 5t oD Ath VB M e v 07 1
DZEE U RIPERAEREL N TE L 725, Z 2T BMOMEE &G
H2MRZAL Y MRT =25 ML TETLTREMLN
BUEEENBRIOILT 2L, ALY PRTF—DR—F
DEEITIE NI 20w MEREZ VT2, EHIC TIGNT — 7 —
TV D172 CRIDBHRIEIRE U, 233 3 MERED 2N 3 K
Tz —RIH U CEEEE T2 A 2858 T R TFTOD
BABTIGEM - N7 —r =T )WENZKBIL DD, h—F
YA RGBT TE(K8) . Z DG, TIGHEMZZ
TR B « 2 D XEE D 3455 /BN R L T1.053/
X THIRE NIz, LR DHERMIGICB W T B RICL
T1000mmALE DT/ ZIVISHEE Lie 278 Z D1 fi
(0.5%3/1) DR EIC TR B 728, / X)Lkt & [ R I s
Pz AT 2 AT I A2 i DRI A 2 T I TE 5,

YAMAHA MOTOR TECHNICAL REVIEW 74



75

TIGMIG /\1 TV RigiEDRREE AL

Development of a TIGMIG hybrid welding process for aluminum chassis welding application

/ TG —Z Il

TIGMIG 2l

8 NIAxvY bZISALICAFTO TIG ERERHEE

3-4. BREEED-HDEITRMGRME
3-4-1. BEBRE—FREORTEIL

INAT VU R =T RIZEOWIABRREICB W TR hRE —
RMEMNZELENTEDNEhoTz Gl D2 —212iE 2
DHD. E— LD BIEYNCEDNZIMEARE  E—NE
KoElnTh-7z,

A OMAFN X, TIGEMZ <Y F LIz HIEMIG/ X
JVIZIRIC B D MIGH AR IS TICH AR A 3 B BRIC
V= IVRAABELFIE SN T LD, > a V=L Ui OF5 T
FHERIC TR o Tz, B ) ANV B — )V R A EMR T
feIc, J ZIVIBIRDIEDIA B E TIGMIGHS > — )L R A AR
D EINT > A% i LTz, (9a,b,0),

BifE 1 stk 2 &k 3
9a Y=V FAREBRLKROEE

MIGHA §TIGH R MIGH R

A i
9% a2)—LUVBHTOHARERDH

YAMAHA MOTOR TECHNICAL REVIEW

9c Y—Ib FHEEIERER

%A ETIGMICT — 7 DM HFHICKNT 28D TH->
120 3-2THRTZ RIS MH D S DT R A 21511
TIGMIGD i 7 —Z B FEKFHCONL TV B I D ETH %,
COREFERPEDTIGMIGCT —71& TN ZNNFELAEI. TD
FEAE RIS MIGYATE M VARL T — )L DA E I Eh T
BTEMEEDFRNTH %L FRE N M EAERIG 28D
PP 72 )T B L TRRAITTZ 200, feAr i Kid b—F4
AREDIL—RFT 52> TET X MIGT —7 7% 155l
T BHMEFNCTICY — V& IRZE AT RV ETRTEESTL
T7 — M AN O EDIKIRZN T2 DD FIHRELT
EAARTTH-Tz

BN TR E — FIZIRICK & BB ZMIGHIIATR O
BATIEREIC A H LTz lHMIGOD 77— fislid, R 2y F
TRTT AV R OB OWUNAIS—D 2 E S INFITT —
%5019 %, THUTH U, TIGY — 7 HDMIGA X — MEFIC
F\ TICT — I KB 72 MM DB KD T A Vi Hizerh
IZHBICEBD LT RIS LIz EMIGEJEA W d 2, %
7o TIGT — 7 MMIGRUAD KM DK IT/ER L. ZEHicH
BMIGTA XD ST — 7 W ET BT LR EMN, mnd gy
ICXBBIEN D oIz DED MIGOYIRTATHOE NG
MLED W 2D BAANEE R 2 ETOMICTICT —2
MH O FE 7252 BIFIRN EL7R0 R E iz K59 EEA
Lo Tz (X10a), TR d % 72dicid, A2 — bk
IEMIGT A Y i e g R 5 1~2mm DR EICH B K
NTHIET 2B BH 5, T A Vgl BT 1E —RIicT 1 v
Ty Z—=IWHWENZIN, 7= ARZ—MBEIZT AV Iy Z—
FTHREHLTOTIEERY bOZEER R Z I T lic ks,
Z T TIGT — 7 Sl D FHCMIGY A Y &2 2253540 U C R
IR ZTHS—ERHV NS I SRR T BT A
Yt D P B — ISR DEEZTTH KT LIz, 2DKD
ICAR— b —r VR TR 29 TE T L& LTI
BATE Bif s —FERZ2195 AT & (K10b),



TIGMIG /\1 Ty FiaiEDRRELEAIL

Development of a TIGMIG hybrid welding process for aluminum chassis welding application

IR R — M TR OTICREEE R L e, 2 2 C Rl
e LTI T 2 0 % I MR A 3 5 151
&L A5KVICET BB S 120 T Tk
BT 25D 2 0 Mt LTz,

BRI O AAETEE DS LTBIALI Sy s x> DR

25 B8 T AR CAAERGE D U BT 1 A

100 TG7=7IEd VENNDMBRBLEORD s X UH AL BHIMOROMK THHT LR REN
CUB (12). MEED RT3 S T T 5T
B IAE I DMHHI FT5 5T B b DD, KLUE - i
~ FERATIEEE (L F 2 2 A7) 2~ 5mm oI Tl By
1 — VKA A THBArED EHRIIAD DAL
R BT EAWIETE B, TIGMIG AT U RId S — LKA R
k2% R > T WA TS I ZIETICT — 7 sl D ATIG ./
L BHe R AT 52 L B THETH S, L L. Bb D k>
B 10b HEEOMMAREREZOBOL— FAE (IS EIED N IS 3 I AE o7 5 He i
Rz EBRIERIEOM FEAEL L CRENS CHBT L%
"otz

3-4-2. TIGRAM{ER ENDEE

TIGMIG A 7V R K B3kt PEIC BTz > Tl L7z [ o
FOUEDIC TIGHEIIARICE S FaENH -T2, T TR
Fa g DRVLEREZ HIRL T o fRIC OV TR P
%, ’
ATIETOTIGEMZ., FICMIGHI T AMED Xy RIC =
EBENTHY MINAENEEIC R T AT VLT LINE
SALLF RSB R E N (M1 D) 2 B x ¢ 3, Chug > ! b
TIGHE RO B 75 2 % 2 MU T2 20, 2 hUC & ° .
D R —F 4 ZIMAIELCId T L— LSBT TE 2, 12 1%y Y T Y ORABTRT AEBEDR M
ZOI RO LS RV L LT R 175
S I DR L T8 0D, ) RV 3

pd=380(Z5N175mm)

—_— :e pd=150C28 M 72mm)
s hlG

— Ar
R s

L
Z

7 XSRS R R T 2L D @<, T4 > DLER EATCOBISL 8T 00— 7 TOWE DRI, b —F K
Wi RN E T, BATDOAN—7 (X13a) ZE >MIFICTIGEMICHIINE N

ZEEMETLTOATEEIIIENIZ(K13b),

MIGY 4 % ﬂ

11 TIG BENDR/NY ZFBICL B EEBDAIM

TIGT — 27 REf « AR M D 22 [l s i i 2 175 T L THl
MENDDN—RINTH %, Misk D /7RI, w7z 13a REEMMEICEREZRUBEZ 2 R/\—7
MWW ke EiiE a2 W5 /LD 220708 %, TIGMIG
BRI HRALE 2 BT SN RO A LT MIGE 1
Ry bADEE P A ZFAB DTS2 E D5, HR

YAMAHA MOTOR TECHNICAL REVIEW 76



TIGMIG /\1 Ty FiaiEDRRELEAIL

Development of a TIGMIG hybrid welding process for aluminum chassis welding application

1,000+ IEBEBHDENETEIE - --nvvevvemermrmmensrmnsnsnnnans

0.000+
1| S . Zomeneees

kY -2.0004----

B 11 T
=4, 0004==rseessnsrrsrnnnnaranarnne L ,,,,,,,,, J ,,,,,,,,,,,,,,,,

-5.000+ T T T T
0.000 1.000 2.(0[]0 3.000 4.00(
t(sec)

1,000+ 2 I—SEDENSTBIE
0.000 Y
.2_000_ ......................................................
3000 F-----remrme e e n s e e e e e e
S T 111 [ S——— e N ——
-5.000+ T v T T
0.000 1.000 2.000 3.000 4.00(
tisec

kV

13b RN—=T7RERD TIG EB\OMEE

A=K B IR 21, Mk Zm b %
THEE. DRtz W g 2 75D E 5N 5, Mtz Rk
LTWLE KRR EES TS D A S— T DN E | A& I
FArFF P HIC TTIGE M BDMIGT A Y NE AR =T %
£9127%% (K13c) . DED HeZ5 P52 O TAAEREZ T
FTH A= K BMIGIEHZ RSN D ) iz (eI % 72
T TIGKEME DA EITIZBD S0,

b i
'I.n.
\

= -

13c TIG BtEHL S MIG TA VY ADRIN—7

RIT, ZIGITHE 2 0 et D5 B i b B O R EVMIGHA
PRl 7 | TIGRRIRHIC D H KA =Y L— Tl g % bk 2
HAAATE (K14a) o Tz, TIGAZ— RS £6F D
MAS0.3MLINICIAL TWBT L U FTA R Z W0
FE REMEIIRIE EDBTEN D, TIGHERD KR O i # H ]
m7Zz0. 30 CTEEY F AT BHAR— =T VAL LT

(X114b).
@4\%&

EEEEI

MIGER

#fEBIPOS
TIGER

14a MIG [EIR&ERTIEAS

77 YAMAHA MOTOR TECHNICAL REVIEW

ROBM & D
ONTE %

TIGERE~D
ONtE S

03sec 03sec
TIGEFENOD
WCORES

14b BEJ FSAV—FVR

D DORROFER, TICRIREFZE LA LU, ZUd A
Y RATRBEL L TRT LN TESE(K140) o ARV RA
ZTmmE T I LINIC K509 SR A 100% T, TIGH Mt
EMIGT A Y DRFHIE8mmTH %, DD, TIGHE M FEL B
MmN FENSREEINE ARV AT 2~5mmO#ii i Tld,
MIGT A X ANDAN—7 il I LTz iR RIC KB TIG A
AR FEL RN EICRS,

— 2R A7 ETIG 2A-HE@ACIC B ——

100 | .- * + -+
g T
= 80 Y
E 5o b b [-MGEEORnLETIL
N |- MG E ORI
40 +
2 A
20
—
o .

2 3 4 5 6 78
PRA A Arm)

T4c  MIG EIRSEETEABIC & 2 Ral itk E

A DEE

4-1. TIGMIG/\A Ty RiBHEIC L DR

TCTR.HSAFa—REFIVDOTL—LEFEIC,
TIGMIG A 7V Ria# LTS RICD W Tib R 3, T
DT L— L3 2 5O KWHd il il TR E N i Hhh i3 4
&I T %0 SRHEDFFREE LT, 2[NS/ T TH K Z700
BzEFET HMOFELEEONFTIGTE —R 2L Wk
O BIOCTH(FELARL—E—DTIGh—F % TICH-
THHELSKTOREH IEHE — FOH#MEZ S T) ZliE
L7z,

TFHLEXOHER Z X 15alc, FEL THOHER%1X15b
IR, TIGMIGHO FE LI i U TR A > 230 b e B2
TWBTENG D5 @ HFEMIGICH L, TIGMIG/ A 7w K1
0] H O EFERGE T FELUE S A6T%. EDIAHDHEA
722101 H D4 FERGE T3 A88%. £ x> 7z (X115a),




TIGMIG /\1 TV RigiEDRREE AL

Development of a TIGMIG hybrid welding process for aluminum chassis welding application

Wpec FELEHES

FELIE

a 600 700 B0OO

100 200 300 400 500
iE#.‘MIf TGMIGHIIEIR & TIGMIGHET2EE
E15b FELIHOH#RE

Fl FEFELU LIS OW T TIGMIGI R H TiE A
39%. 2[n H T3 A68%& 7D (X 16a) . fERIF A pEED80%
D7z 587:1.0~2.00 DFELUIEAEN1.9%ICE TR LTz
(16b).

BRoUEBDFHFELE/ T

FHFBELRmMm

IENMIG

16a TIGMIG BAICL B FHFELRETDEIL

TIGMIGHREE EIE TIGMIGI#STE2EE

BT

ENEMIG otse | TIGMIGHEEE1EIE

: TGMIGHSEES
12% 1 St ‘i ‘9'!
82.0%
# FFA39%

FHA68%

16b TIGMIG EAIC KB FHEFELIHDE(L

G IRRGEEZ 1T > T2 N NBIBES o > DY 5 Bl B 17 O

ICRFEL LEHIENZ DXV A7)V ZA LEHHCEND,

BEZVA%DIEHIAA NI VRIS NS T LI585,
COWHADAENERETH B FIHLE T DR

ICHIL T RERMIG T 0% TH - 7= #1 & HY, TIGMIG/ N1 7
U FRGE L H T 1.6%. 2181 H Tl 30.7% L7z (K17),

40% FELLAIL—LOEE
20%

16%
TIGMIG1E B

0%

IEEMIG TIGMIG2E B

17 FELLATL—LODOEE

4-2. TIGMIG/\17)y FiBIEDFBEENT R

HERMIGISH LTINS 2 2L LT, TIGFEMID S T
B2 T eIXITRNRTZED TH B, TOflc, 77— A% —
MEDOEFES —4 > ARy  TEEASH 5, D T
Bc kD, FELEZEZICE L TER TR SHEBR Uk
WBRD B AR T A > HOR S ICHHEICHN W a DD
%o BURIICIZ, T4 VLA 1 £ TOMAMESERICIE T
Tl U O HIIAE & 75 o CTRH 8 AR S N B DI
L. Bl B 24 CTOBARRERICIIRY b oy ZIc Kb i
BWSCTHIE 725, T DB, TIGMIG/ A 7 Uy RO A w b
W&, AR U722 O FiE U R O S5 & O ER RICR->T
x£ha,

Fro ARTIEA Y O—RETVIERISEN LR R
WA, FEEOTAES A IZ 2 Z R BB IR -
AR D 7 L— LD iM%, MIG h—F O % n] g7z
[ROEG DI Mg h—F DORFZ HisLizh,
r—FHEATEDARE TTIGMIGNNA 7V R H TE R
EFIVHBAAEL TV B, TIGMIG N1 7'V ROFs e 7
A O7dIIE, MSEIRB X R ERE - Ry F Y AT I
FEHIIC AN BB NERTGHA DB L 755,

HbYlc

TIGMIG \A 7'V IR D FMERS R, TiED A %)
P2 R 723 TR RIS T AR LWV S T IV IMIGTE #2
O B O BR O BICHRIE T 3 TE LEK E Z 05
BIERTFEWOICLTVWAJHAEL TG, V=R EREIC
BT ZIHOALOFHELE, $iHEH A XS 70— IE
BREMEFENB, INSESET BITE B REE TR
MOOFEAMA > Ty FINRBRETHD, ZNHHAAD NIF T
YR e Rt 52 AR ADHIET ETATH S,

TEREIR LI D72 D TIGMIG/NA 7))y RYAHE R
T3k G & U T — & D5 E U, AR I 73 42 i i
F D 7= DICIE S FANE A LA L TV 2 03, 184 0 Bl B G
fifiif) Firh BINEIC B O TRBHTHY RN Gt —

YAMAHA MOTOR TECHNICAL REVIEW 78



TIGMIG /\1 TV RigiEDRREE AL

Development of a TIGMIG hybrid welding process for aluminum chassis welding application
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Development of a two-boat stacked transport method to support the
restoration of tsunami-afflicted areas with utility boats
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Abstract

As a form of support for the restoration of the regions stricken by the Great East Japan Earthquake and Tsunami,
Yamaha Motor Co., Ltd. greatly increased production of utility boats in order to replace those lost or destroyed in
the disaster. To accommodate this increase in production, there was a concurrent need to strengthen boat transport
capabilities.

In response to this need, we employed 3D CAD and CAE analysis to develop a new transport rack for transporting two
boats stacked one upon the other, within a short period of three months. As a result, transport capacity was doubled,
and the method not only enabled timely supply of the products but also reduced transport cost by 50% at the same

time.
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Development of a two-boat stacked transport method to support the restoration of tsunami-afflicted
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Development of a two-boat stacked transport method to support the restoration of tsunami-afflicted
areas with utility boats
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Development of a two-boat stacked transport method to support the restoration of tsunami-afflicted

areas with utility boats
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Development of a two-boat stacked transport method to support the restoration of tsunami-afflicted
areas with utility boats
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Development of a two-boat stacked transport method to support the restoration of tsunami-afflicted
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Development of a two-boat stacked transport method to support the restoration of tsunami-afflicted
areas with utility boats
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Image-based autonomous navigation technology for unmanned vehicles on
uneven ground and a proposal for use in orchard operations
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Abstract

As of yet, there is no established technology for practical, autonomous navigation of an unmanned vehicle through
rough terrain where external disturbances like slopes, slippage and uneven ground in particular greatly affect the
tires, and elements like overgrown weeds and tree branches/leaves make it difficult to obtain constantly reliable
detection of conditions around the vehicle. With intent to support agricultural work in orchards, we have developed
and performed verification tests of an autonomous navigation technology in a system that has a simple structure, is
comparatively inexpensive and capable of operation in severe uneven ground conditions.

As one part of the pursuit described above, in this report, we propose a method for direct control (steering) of an
unmanned vehicle based on images from an omnidirectional camera. As an example of practical use, we introduce the
autonomous navigation system for an unmanned vehicle with a surveillance camera and a method for detecting the

fruit of trees.
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Image-based autonomous navigation technology for unmanned vehicles on uneven ground
and a proposal for use in orchard operations
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Image-based autonomous navigation technology for unmanned vehicles on uneven ground
and a proposal for use in orchard operations
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Image-based autonomous navigation technology for unmanned vehicles on uneven ground
and a proposal for use in orchard operations
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Image-based autonomous navigation technology for unmanned vehicles on uneven ground
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Basic study on a method to estimate mental workload using useful field of view
- Based on operating a driving simulator -
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Abstract

In recent years, the use of telecommunication services while driving automobiles has begun to spread. In order to
ensure safe use of these services, there is a need to control the amount of information provided in accordance with
the mental workload (MWL) imposed on the driver to process the information. To achieve this task, a method for
estimating a driver's MWL is essential. In this report, we discuss how we focused on the driver's “useful field of view
(UFOV)” and clarified the relationship between the driver's MWL and UFOV as a working premise, and then explored
methods to estimate a driver's UFOV without obstructing the driver's vehicle operation based on operating a driving
simulator. Our results showed that it is possible to quantitatively show how an increase in MWL causes the UFOV
to become narrower. We also succeeded in developing a method for measuring the UFOV without fixing the head.
Furthermore, by using parameters related to eye movement that indicate the depth and breadth of information
processing, we were able to show that it may be possible to estimate the driver's UFOV. Based on these results, we

were able to show the possibility of estimating MWL without affecting driver operation by using eye movement.
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Abstract

Recently, there have been many reports about development of Human Machine Interface (HMI) which used a visual or
auditory display to improve driver assist. For a motorcycle, it is suitable to use a haptic display for rider assist, since
there are many disturbances in open-air situation such as sunshine and surrounding noise. Therefore, a test vehicle
based on a large motorcycle equipped with the haptic throttle grip that is connected to a motor by gear, an original
ECU to control the motor, and a lean angle sensor to calculate the lateral force of the motorcycle was developed. To
inform surplus driving force warning, the throttle grip, a haptic display outputs additional return torque estimated
by the friction circle and ellipse with the lateral force of the motorcycle. One of the purposes of this torque is that it
informs the rider to decelerate when the motorcycle state of movement is around the limit of tire grip, and another
purpose is that it leads to return the throttle grip to decelerate. For both purposes, the intuitive signal which adds
return torque was selected to avoid misunderstanding. As the result of riding tests, all of the riders were able to
recognize the signal and understood the request from the motorcycle. It became clear that this system was able to

offer the information of surplus driving force warning, and to support the throttle grip operation.

INTRODUCEION

There are many HMI inside the cabin on production
automobiles, such as meters, indictors and navigation
system with audio assist. There are also many reports
on haptic devices, which were tested with modified
production automobiles or a simulator such as a haptic
gas pedal to make deceleration [1]-[5] and a haptic
steering wheel to inform lane departing with vibration
or with additional steering torque [6]-[8]. These reports
clearly state that the drivers can perceive the haptic
signals and there are few disturbances to communicate

on the channel between the driver and the car. Therefore,
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a haptic display was considered to match to motorcycle

than applying a visual or auditory display.

To make a haptic device on a motorcycle, it is the
most reasonable to use hand and throttle grip as a
communication interface between the rider and the
motorcycle from the following reasons. The rider’s hand
and the throttle grip are always in contact while riding,
and there are many sensory receptors on a hand than
the other parts of the body. But haptic displays have less

information than visual or auditory displays. Therefore,
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as a haptic display, letting the throttle grip output
only intuitive information to avoid misunderstanding.
To use an intuitive signal is important for perception
and usability from HMI point of view [9]. In addition,
it became more difficult for the riders to operate the
throttle grip of large displacement motorcycles like super
sport models, due to increasing of engine torque year
by year with technology innovation. To improve throttle
grip controllability around the limit of tire grip, it is

necessary to add some of function.

In order to satisfy two purposes mentioned previously,
the haptic throttle grip equipped with a motor which is
connected by the gear was developed; it is able to add
the return torque to communicate between the rider
and the motorcycle, and to improve the throttle grip
controllability. In this paper, the detail of the haptic
system on the motorcycle and its riding test results are

reported.

HAPTIC.SYSTEM
Haptic Throttle Grip

Figure 1 shows the haptic throttle grip which is used in
this research. It consists of a throttle grip with a return
spring to close itself, a gear, a one-way clutch, and a
motor. This throttle grip is connected to the motor by the
gear and the one-way clutch, it can output haptic signals

to the rider by controlling the motor.

The one-way clutch is set between the motor and the
gear, and the motor can only add torque to closing
direction of the throttle grip for a safety reason.
Therefore, even if the motor is locked due to breakdown,

the rider can close the throttle grip to decelerate.

/A

e — |

| Gear
= e — One-way clutch
\

Motor

Throttle grip

Figure 1 Haptic throttle grip

Test Vehicle

The haptic system is constructed with the haptic throttle
grip, an original sensor to calculate the lean angle of the
motorcycle, and an original ECU to control the motor of
the haptic throttle grip. Figure 2 shows our company’s
large displacement motorcycle (equipped with the

system), and the location of its components parts.

Haptic
Throttle Grip

Lean Angle
Sensor

Original
ECU

Figure2 Test vehicle and parts

In addition to these parts, a permission switch and a
mode switch are equipped. The permission switch allows
the rider to activate or deactivate the control, and the
mode switch allows the rider to change the level of
additional return torque in five steps while riding. It is
effective to use these switches for the development of the
system. A logger is also equipped to the motorcycle to
log data such as throttle grip position named accelerator
position, engine speed, gear position, lean angle, vehicle
speed, and additional return torque of haptic throttle
grip. It became easy to analyze test results and to develop

the system by using this system.
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Friction Circle & Ellipse

One of the purposes of this system is to inform the
rider to decelerate when surplus engine torque is at the
edge of tire grip. The theory of friction circle is used to
estimate the surplus engine torque. Figure 3 shows the
image of friction circle, ellipse, and the forces on the

driving wheel.

Current Engine
Torque

/’-T

Limiting Engine
Torque

Limiting Driving
Force

Limiting Friction
Force

/

L~

Lateral Force
to Turn

| Friction Circle

Figure 3 Image of friction circle & ellipse

As a premise, if the total force on the driving wheel
does not exceed the friction circle, the wheel will not
lose the tire grip. There are two forces on the driving
wheel; lateral force and driving force. The lateral force
is calculated from the acceleration which is created by
turning movement of the motorcycle, the limiting friction
force is calculated with the lateral force and the friction
circle, and the limiting driving force is calculated as a

longitudinal component of the limiting friction force.

In the software of this system, all data are calculated
based on the engine torque, since the additional return
torque is estimated from the quantity of the difference
of the limiting engine torque and the current engine
torque. For this, first the current engine torque must

be calculated from the engine speed and throttle
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valve position, and the limiting engine torque must
be calculated from the limiting driving force and the
reduction gear ratio each gear positions. If the difference
becomes small, it means that the total of friction forces
on the driving wheel is becoming close to the friction
circle. In this condition, there is a possibility of slipping
down with losing the tire grip. Therefore, it informs the
rider to decelerate by increasing the return torque of the

haptic throttle grip.

In different research of our company shows the friction
circle of a same test motorcycle is estimated that the
longitudinal axis is about 8% bigger than the lateral axis.
From this, the haptic system control is made with the
friction ellipse of dashed line in addition to the friction

circle in figure 3.

Based Torque Control

This haptic throttle grip is equipped with a motor to
make haptic signals. Rotating the motor by the throttle
grip creates counter electromotive force: V., (1) and
inertia torque: T (2) of the rotor. These forces give
negative influences in operation of the throttle grip,
such as becoming heavy or a delay. These forces are

calculated with the following equations in order to

compensate.
do,
v, =K, —L (1)
emf t dt
d’6 d’6
T=J—F+J,—* ©
dt dt
Vi=—-T
Ik, &)
K, : Motor Constant
1 : Moment of Inertia of the Rotor
Js : Moment of Inertia of the Gear

0, : Rotating Angle of the Rotor
0, : Rotating Angle of the Gear

R . Electric Resistance of the Motor

V| : Voltage equivalent to inertia torque
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The total voltage of Vemf and V, is added to reverse
direction in which they are generated by the motor.
As the result, it can neutralize the negative influences,
and the haptic throttle grip can offer natural feeling

equivalent to a production motorcycle.

Additional Torque Control

Proportional Control

Figure 4 shows the relation between the additional return
torque of the proportional control and the difference
between the limiting engine torque and the current
engine torque. The difference of the limiting engine
torque is estimated from the friction circle or ellipse
minus the current engine torque which is indicated in
the solid line, the additional return torque is proportional
to the difference which is indicated in dashed line. If the
difference comes bigger than the margin or when the
current engine torque is negative, the system outputs
no additional return torque on the throttle grip. In
this situation, there is no wheel spin coming from the
acceleration, and therefore, it is not necessary to inform
any caution. If the difference comes smaller than the
margin and when the current engine torque is plus, the
system adds some return torque on the throttle grip
to inform only the surplus engine torque. The point
where the margin is same as the difference is the control
starting point, the torque is estimated from there with
the proportional coefficient: a/margin. The limit of
return torque is provided to prevent harder throttle grip
operation for the rider. This strategy is presented in (4).
From this strategy, the rider can perceive the modulation

and is led to decelerate to create the margin.
ART = (CET + Margin - LET) X PC (4)
ART

CET
LET

. Additional Return Torque
: Current Engine Torque
: Limiting Engine Torque

PC  : Proportional Coefficient

Figure 5 shows the example of return torque character

of a conventional throttle grip and the proportional

control. The conventional throttle grip is linked to the
throttle body by the wire, and it has the base character
which is indicated with the parallelogram of solid line by
operating the throttle grip. This base character consists
of the slope which is made by the return spring and the
hysteresis which is made from the friction of the wire
and others. To add the additional return torque to the
base character, the proportional control character is

formed in dashed line.

Limit of Return
Torque

Return
Torque

Margin :\ Control
Starting
Point

Difference: Limiting Engine Torque
- minus Current Engine Torque

\4

Figure4 Relation between driving forces and
additional return torque of proportional control

A

Proportional

/4
Control /
Character \ /
/

Conventional
Character

Return Torque of Throttle Grip

|
| — Control Starting Point

>

Accelerator Position

Figure 5 Return torque character of throttle grip
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Differential Control

The proportional control has the functions that
communicate to the rider and leads to decelerate at
the edge of tire grip. Addition to the function of the
proportional control, the differential control is prepared
to restrain acceleration at the edge of grip, outputs the
additional return torque for operation of opening the
throttle grip. This control is based on the Weber-Fechner
law which states that human sense is proportional
logarithm of input stimulation. In addition, there
are some sensory receptors which react modulation,
therefore it is thought that the differential control which
makes the perceptible modulation of return torque on

the throttle grip is useful.

Figure 6 shows return torque character of differential
control. Dashed line indicates the accelerator position,
dotted line indicates accelerator speed which is the speed
of operating the throttle grip, and solid line indicates the
additional return torque of the differential control. This
strategy becomes active when the difference is smaller
than the margin in figure 4 and also when the current
engine torque is plus. This additional return torque is
proportional to the accelerator speed. When the speed
is positive, the torque is estimated to multiply it by a
constant coefficient. If the speed is smaller than O, the
torque is reduced to O with a time constant. The purpose
of this strategy is to make the rider perceive acceleration
operation of the throttle grip around the limit of tire grip,
and is not to perceive keeping or deceleration operation.
Even if the rider operates the throttle grip intermittently,
like repeating opening and keeping, the rider can
perceive the return torque on every opening operation

with this strategy.

Furthermore, the PD control which is the total of the
proportional control and the differential control is made
to let the rider perceive the torque in every situation.
These controls are tested with the test vehicle, and its

results are shown in the next section.
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Figure 6 Return torque character of differential control

RIDING,TESTS

All of the following riding tests had been held in closed

circuits and the riding tests were done by the engineers

for developing the strategy.

Proportional Control Tests

Figure 7 and 8 shows the time series data of riding
tests. The horizontal axis indicates time and the vertical
axis indicates each measure; the data indicate lean
angle, velocity of the motorcycle, throttle valve position,
additional return torque on the throttle grip, limiting
engine torque and current engine torque from the top
respectively. The additional return torque is limited to
70cN*m for a restriction of the system in these tests.
Both of the data were taken at the same series of two

tight turns.

The proportional coefficient which was used in the test of
figure 7 is 30cN*m/20N*m as a small gain, which means
the additional return torque against the engine torque
conversion of driving force. The bottom graph of figure 7
shows the current engine torque comes over the limiting

engine torque.
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Figure 7 Time series data of proportional control with SMALL gain
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Figure 8 Time series data of proportional control with BIG gain
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From this, it finds that the additional return torque does
not give the rider enough information about the surplus
engine torque. In this case, there was no wheel spin since
the real coefficient of friction, ug, was higher than the
1. which was used as a radius of friction circle. The test
riders pointed out that there was no negative influence
on operation of the throttle grip but they could not
perceive the torque well as a warning signal. The data
and their comments indicated matched matter, increasing
the additional return torque to the signal as a warning

method was needed.

Figure 8 shows the data with the proportional coefficient
60cN*m/10N*m which is 4 times bigger than the small
one. With this setting, the tests riders could perceive
the limit of tire grip easily with rapid increase of the
additional return torque. On the bottom graph of figure
8, the current engine torque does not come over the
limiting engine torque, and increases along with the
limiting engine torque from 8 to 9 seconds. This shows
the rider can perceive the limit. But there were some

comments that it was difficult to operate the throttle

grip since it was too heavy to operate input what they
required. It is obvious that degree of the throttle position
with the big gain is less than the small gain in figure 7

which agrees with the comments.

From both data, the best gain value for the riders is set
between small and big one. As the result of the balance
between capability of transmitting the information and

the controllability, the best one became 60cN*m/20N*m

Differential Control Tests

Figure 9 shows the time series data of the differential
control with the same format as figure 7 and 8. To
easily understand the character of the strategy, some
of the data is added and exchanged. The data indicate
lean angle, velocity of the motorcycle and gear position,
accelerator position which indicates the degree of the
throttle grip, additional return torque on the throttle
grip, limiting engine torque and current engine torque
respectively from the top. Also in this case, the current
engine torque comes over the limiting engine torque but

there was no wheel spin.

B leanfngleldeg) 50 (Right)
______________ 0
50 (Left)
W ‘Velocityikm/h) 100
B GearPosition
' 0
B AcceleratorPosition{deg) 50
/\ J_/\ _/'/j\ P 1
B AdditionalTorquelcim] M P\ M 75
0
W LimitingEngineTorque(Nm) 100
W CurrentEngineTorque(Nm W T\
N / \ —,
0 20 (sec)

Figure9 Time series data of differential control
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On this strategy, the additional return torque is estimated
from the differential of time variation of accelerator
position. If the differential is positive, the torque
calculated to multiply the differential by a gain is added
to the throttle grip. Moreover, when the current engine
torque comes close to the limiting engine torque, and the
current engine torque which added the margin comes
over the limiting engine torque as shown in the figure.
Step change of the limiting engine torque comes from
the gear position change, which uses the gear ratio to
convert to the limiting engine torque from the limiting
driving force. If the differential becomes under O, the

torque is reduced with a time constant to O.

The settings which are used in figure 9 are as follows;
the gain is 1cN*m/(deg/sec), the time constant is 300ms,
the maximum additional return torque is 70cN*m, and
the margin is same as figure 7. The result of riding
tests shows that the strategy had high capability of
transmitting the information with quick acceleration
and could control it. But there is less capability of
transmitting the information than the proportional
control with slow acceleration, since the additional return
torque becomes less than the torque of the proportional

control.

PD Control Tests

Friction Circle

Both positive and weak points were found from the test
results of two controls. The positive point was all of the
riders were able to recognize the signal and understood
the request from the motorcycle. The weak point on
the proportional control is that, it is difficult to increase
the gain for keeping operativity. And for the differential
control, it is difficult to perceive the signals with slow
acceleration. Therefore, the PD control was made to
compensate these weak points which enabled both of the

two controls to control at the same time.

Figure 10 shows the friction circles plotted with the p
value converted from the running state of the motorcycle,

with the throttle grip controlled by the PD control with

friction circles. The shading dots indicate the amount of
the additional return torque, and the darker dots shows
more torque than the lighter dots. For the coefficients
of friction: p. 0.5 and 0.6 are selected as the typical
values of wet and dry condition. Since this control
enables both controls at the same time, the additional
return torque became too large. Therefore, each gain of
the proportional and the differential control are reduced
to 40cN*m/20N*m and 0.6cN*m/(deg/sec), and the

maximum additional return torque is limited to 70cN*m.

The results of these data shows that the running states
of the motorcycle are in the selected friction circles,
since the rider can limit the degree of the throttle grip
position. Left circle is a riding data without the control
and it shows that the dots are scattered and has bigger
circle than others. The other circles are rounded shape
and from the result of the additional return torque. From
these shapes, this system can transmit the information of
the tire grip limit to the rider, and from the comments of
test riders there are the ability of throttle grip operation
assist for turning and accelerating. In addition, this
system is found useful for helping the rider to perceive
the position of the running state of the motorcycle in

friction circle, which was difficult for the riders.

Moreover, the circles controlled by the system are
wider to the lateral direction. This is because this system
does not transmit any information when the rider keeps
the throttle grip closed, and creates big lateral force
over the friction circles during a turn, which results the
system to output big additional return torque when the

rider opens the throttle grip at the running state.

Friction Ellipse

Figure 11 shows the friction ellipse which is the same
format as figure 10. The coefficient of longitudinal
friction is p ., and the coefficient of lateral friction is
P o This longitudinal axis of a friction circle on the
driving wheel of the motorcycle is 8% longer than
this lateral axis. From the result of the research, these
values on the center circle are 0.54 and 0.5, and on the
right circle are 0.648 and 0.6.
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Figure 10  Plots of running state on friction circles. Left: without control, Center: PD control with friction circle
of u .= 0.5, Right: PD control with friction circle of u .= 0.6.

Figure 11
ellipse of u=0.54and u = 0.5, Right: PD control with friction ellipse of u . =0.648 and i, =0.6, (U
longitudinal axis, u : lateral axis).

Comparing with the shapes of friction circles figure
10, the shapes of the running state of friction ellipses
are a little longer on the longitudinal axis. From the
comments of the riders, friction ellipse has better feeling
than friction circle, since the coefficient of friction of
the ellipse is close to the real coefficient. The riders
can perceive the difference clearly, in spite of not being
so big on their feeling. Therefore, they can accept the
PD control of the friction ellipse without an unnatural

feeling.

EVALUATIONSTESTS

Twelve test riders evaluated the system with the PD

control of friction circle on our test course in dry
condition. The contents of the tests had been explained
to all of the test riders prior to the tests, and they were
asked to fill out the questionnaires of this system after

the tests. Thus the results are with the informed consent.

The gain settings are the same as the test of PD control
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Plots of running state on friction ellipse. Left: without control, Center: PD control with friction

of friction circle, the maximum additional return torque
is increased to 100cN*m in order to check the upper
limit. The riders can choose the coefficients of friction:
i . from 0.4 to 0.7 in steps of 0.1 by the mode switch
while test riding. The following are the questionnaire

results of the evaluation test of this system.

Figure 12 (a) indicates the favorite p.which is prepared
in the mode switch. Most of the riders selected 0.6 or 0.7
for p., which are the value assumed for dry condition.
From the result, the differences between the timing of
the control intervention and the feeling of the riders are
small, and the unnatural feeling from the intervention
is restrained. There are the other opinions that it needs
higher p . since the intervention timing is a little bit
early, and it was difficult to select only one p . since
several p .are wanted according to the road condition.

Figure 12 (b) indicates the feeling of quantity of the
additional return torque. “Good” was selected the most,

half of the riders chose answers heavier than the best.
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Figure 12 Questionnaire results of riding tests

From the results, the maximum additional return torque
for the evaluation tests is a little higher than they want,
and therefore, the maximum value is valid around
70cN*m, or needs adjustment of the gain settings for

reducing the overall torque.

Figure 12 (c) indicates the feeling of the fluctuation
speed of the additional return torque. This question also
has the most number of “Good”, and half of the riders
chose answers rapider than the best. From this result,
adjustments of the gain settings are needed to fit with the
feeling of riders, by reducing the torque of the differential
control which depends on the operation speed of the
throttle grip and the torque of the proportional control

from a changing direction or a quick turn.

Besides the questionnaire, there were it was got some
comments from the riders. All of them were able to
understand the purpose of this system, the gaps of the
coefficient of friction between the mode switch were just
proper, and they were able to perceive them, and use
properly. Thus, it is possible to communicating with the
system by force sense using intuitive information. But
one of the rider commented that this system should not
have the intervention on an operation system, and needs

to improve to be more natural.

SUMMARY,/.CONCLUSIONS

Recently, there have been many reports about
development of HMI which used a visual or auditory
display to improve driver assist. A haptic display which
has few disturbances was thought to suit for motorcycle
even if it has less quantity of information than a visual
or auditory one. The test vehicle, which has the haptic
throttle grip as a haptic HMI and the logic which transmit
the surplus engine torque information with friction circle
was made, and the data was collected from the riding

tests. The following states the conclusions.

This haptic system can transmit the limit of tire grip on
the driving wheel or the surplus engine torque to the
rider using a haptic signal of force sense. This system has
an effect as a riding support system since this intuitive
haptic signal intervening to the operation system feels
like an operation support. Using the PD control from the
results of the riding tests is valid for the control strategy
for an operation support system of throttle grip. It is
suitable to limit the maximum additional return torque

70cN*m for riders. The PD control with friction ellipse
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has better feeling for riders than with friction circle, and
therefore, it is good to use friction ellipse for this system

in the future.

Imaginary coefficients of friction decided by development
engineers are used in this system, therefore, to estimate
the real value is one of theme to be considered in the
future. Some of riders had unnatural feelings which
were made by the quantity and timing of the additional
return torque. Adjustment of the gains of both controls
to improve the system will also be considered. And last,
improving the strategy of this system will be considered
since this system cannot transmit any information when
only the lateral force becomes big beyond the friction
circle at acceleration. In spite of improvements to be
considered, this system can transmit the information and

support the rider.
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