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Customer-Centric Technological Development and Looking to the Future Beyond

EE G

In my early days with the company, I was put in charge of projects at the Overseas Engineering Division,
taking my first overseas business trip to work on production startup preparation. That factory was
already manufacturing a competitor’s products, and the project involved manufacturing Yamaha Motor
products under the same roof. I took with me the specifications and quotations for the equipment,

jigs, and tools etc. necessary for production startup, and when I made my explanations based on those

materials, factory engineers complained that they were so expensive. I thought I had prepared well and
my presentation would be received positively, but their response was a shock for me. They asked for
an explanation of why everything was so expensive, pressed me to clarify the necessary functionality,
and demanded that we choose items which could be manufactured and procured locally. I remember
being very stressed by it all. I was made painfully aware of my weakness in not fully understanding the
necessary functionality. In addition, I was embarrassed that I had not stood in the customer’s shoes and
understood what was real value and what was unnecessary. My proposal was lacking from the customer’s
perspective.

Even now, I can clearly remember the factory engineers’ words. “If that's what you want, then Yamaha
Motor products will lose competitiveness.”

At the end of last year, we announced the Medium-term Management Plan, in which we clarified our
management direction in the medium to long term, which is to aim to become “a unique company that
continues to achieve dynamic milestones.”

Among the four growth strategies across three business fields, what we must be specific about above all
else is strengthening foundational technology. Given the limitations of corporate resources, it is necessary
to advance product development in existing business more efficiently and apply the surplus generated to
growth businesses to create momentum towards the efficient provision of popular products and services.

The critical aspect is how to connect strengthened foundational technology to attractive products and
services, and how quickly the value we create - which customers had not experienced - can be provided
to customers before it is noticed. Therefore, it is important that we have the creativity and intellectual
curiosity to create unknown value, which is not just to Yamaha but also to the industry. To that end, the
continued proactive development of contact points with the market and opportunities for interaction
with customers is essential. Even in technological development, while continuing to hone our marketing
sense, it is important to understand the needs of the market, share our objectives first across the three
departments of manufacturing, sales, and technology, and work together into the future.

I believe that we can create better products by promoting technological development in which our
engineers themselves also experience excitement (revs) by imagining the moment of the expressions of
surprise and happy smiles on our customers’ faces. In this sense as well, I believe that in the future it will
be important to look at our technological development from the perspective of how much we did or can
innovatively increase the value provided to customers.

“The company growing” means “continually creating further demand”. In other words, providing services
for existing customers to keep choosing Yamaha products, as well as constantly working to help new
customers also come and choose Yamaha. Supporting and continually contributing to this demand
creation through technical capabilities is our role. Surpassing customer expectations at purchase even
after purchase is at the core of the Yamaha brand, and we very much want to deliver products and
services which surpass the expectations of all customers. Through the value we create with our technical
capabilities, the feeling of Kando* will be experienced by individual customers and then shared with
even more customers. This will further contribute to not only the growth of the company, but also the
development of the industry.

Ultimately, I want Yamaha Motor products and services to play an indispensable role in society.

*Kando is a Japanese word for the simultaneous feelings of deep satisfaction and intense excitement that we experience w
p perience when we
encounter something of exceptional value.
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YZF-R1/R1M Slide Control System development
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Abstract
/\sﬁdeconnnlsymenlGuweaﬁer“SCS")hasbeendevdopedandféaUHedintheYZFJ?lH(Hw1aunchedh12015.

To achieve unity between rider and machine from the perspective of pursuing the unique style of Yamaha, develop-
ment focused on providing a control system which generally respects the rider's will and intervenes only when neces-
sary. Moreover, when it does intervene, it does so with an unnoticeable and natural feeling. After all, the focus is the
rider. This project aimed to develop a system that supports the rider's acceleration control, focusing mainly on the
lateral slip behavior of the rear wheel causing the loss of balance when accelerating out of corners.

ESC (Electronic Stability Control) has been already practicalized in four-wheeled vehicles (hereafter “automobiles”);
however, in order to apply this to motorcycles there are two major development issues to face. The first is to detect
the lateral slip.

Lateral slips such as oversteer and understeer cannot be detected from the steering angle and the yaw rate of motor-
cycles, because, unlike automobiles, they behave three-dimensionally.

The second is to control the lateral slip. Having only two wheels, motorcycles cannot control the brake force on four
wheels and create a yaw moment, which automobiles can.

This report discusses the how these issues were faced.
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Improvement of Single Cylinder Engines using Carbonitriding Technology
HHEE XEERX

Abstract

In recent years, there has been a downward trend of the motorcycle market in southeast Asian nations (ASEAN) com-
pared to its peak due to the effects of road upgrades and increased incomes bringing a shift in demand from motor-
cycles to automobiles. In order to secure share in these markets of limited scope, each company must be superior in
performance and cost over its rivals. However, as there is often a trade-off between improved performance and cost
reductions, there is a need to achieve both without just simply passing these onto the vehicle's price.

As the main models sold in the ASEAN markets use single-cylinder engines, for the assembled crankshaft crank pins
used in these engines, there is a need to reduce friction loss using a smaller diameter, and therefore development has
been progressed with a focus on materials and heat treatment. This report introduces carbonitriding, which helps to

solve issues around achieving both high performance and reduced costs.
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Film Stamping Simulation for Reduced Production Lead Times
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Abstract

The Insert-Graphic method involves film which is decorated and preformed being set in the mold and then injected.
This method allows resin and film to be combined at once. Compared to conventional partial graphics, this method
can obtain a seamless, highly scratch-resistant and large decorative area. It was used on the side cover of the 2014
YZA450F, and in-house production began (Figure 1).

In inserted graphics mold processing, the design shape is printed on a flat film which is then heated and molded
through vacuum pressure after it softens (Figure 2). The problem with this process was that the printed design dis-
torted. Therefore, correcting the printed shape takes repeated trial and error, and to get a good result takes a long
time and significant cost.

In response to this problem, simulations were used to estimate design warping in the preforming process, which

reduced distorting corrections, thereby reducing lead times. This report discusses this technology and its results.
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Film Stamping Simulation for Reduced Production Lead Times
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Film Stamping Simulation for Reduced Production Lead Times
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Quantification of Outboard Motor Packaging Strength

PR TR FER R

Abstract

The main purpose of applying packaging to products is to provide protection. It is important to deliver products into the
hands of customers having prevented damage during transportation. To this end, packaging specifications have been estab-
lished which consider such factors as the shape of products and the shipping environment. The packaging of outboard
motors is no exception, with individual specifications established for each product.

Specifications for outboard motor packaging take into account functions for protecting products from impacts, vibrations,
and other external forces, and there are evaluation methods for verifying the respective functions. However, even in out-
board motor packaging designed via this process, there are cases in which materials are damaged in the marketplace and
protection of the product is lost. Although packaging specifications are reviewed and damage protection countermeasures
are considered on such occasions, because the damage events and the logic for the countermeasures are not quantified,
packaging specifications may become excessive.

Doubts then remain as to whether the specification of the countermeasures correspond to the root cause of the problem.
This report discusses initiatives which investigated the establishment of optimum packaging specifications by designing

outboard motor packaging through quantification of its strength.
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Intelligent Platform Development for Autonomous Vehicles
- Utilization of ROS and Autoware -
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Abstract

Yamaha Motor Co,, Ltd. has for some time continued research into autonomous vehicles that can perform surveying
and monitoring work outdoors, removing the need for human operation. This autonomous vehicle control systems
consist of intelligent technology-based PCs including functionality for autonomous control of the vehicle, and multiple
ECUs (Electronic Control Units) which take instructions from the PCs to control throttles and brakes etc. via actuator
motors.

This research regarding autonomous vehicles has led to a range of intelligent technology developments, such as in
route searching, recognition of the environment surrounding the vehicle, and self-positioning estimation capabili-
ties. However, in terms of operational checks and evaluations of each type of elemental technology, with increasing
requirements to suit each such as software development, longer development periods and increased development
costs are an unavoidable issue. In this regard, in order to improve the speed of development for autonomous vehicles
for research use, it is critical to construct software development systems that can work with a range of intelligent
technologies.

This report introduces auto-operation achieved through a combination of our autonomous vehicles, and Autoware
developed based on Robot Operating Systems (hereafter "ROS"). It also introduces development of auto-operating plat-

forms using ROS, which have the objective of improving software development efficiency.
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Co-catalyst Material Development of Three Way Catalyst in Motorcycles
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Abstract

In recent years, there have been on-going demands to reduce the amount of harmful substances in the atmosphere
from the viewpoints of atmospheric environmental protection and health hazard prevention. Consequently, high
environmental performance demands are also made of motorcycles. In order to clean up the regulated substances
in exhaust emissions, there is now an urgent need to improve the performance of three-way catalysts used in motor-
cycles. Emission regulations have become stricter even in the ASEAN region - where unit sales of motorcycles are con-
centrated - driving an increase in the usage level of three-way catalysts. However, this has led to the reduction of the
amount of precious metals and rare earths used becoming a critical issue.

When three-way catalysts are exposed to exhaust emissions at high temperatures for extended periods, deterioration
by heat of the catalyst material occurs. The cleaning performance of the catalyst is significantly decreased due to sin-
tering of the precious metal and the co-catalyst due to this heat. It is important to prevent this sintering in order to
reduce the amount of precious metals and rare earths used.

We have therefore developed a co-catalyst material for improved heat resistance, and started the mass-production of

a new three-way catalyst.
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Sports Boat SR320FB

TS

Abstract

The broad classifications of engines types in typical pleasure craft include inboard engines, stern drive engines,
outboard motors, and jet propulsion devices. The most appropriate propulsion system is determined based on the
concept for each vessel.

The predecessor for this development was the Salon Cruiser “SC-30eX (Figure 1)” , measuring 9m in overall length,
and the industry consensus for the up to 10m class is to use a stern drive engine, as was the case with the SC-30eX. It
is widely accepted within Japan that outboard motors = engines designed for smaller craft.

On the other hand, the Helm Master (Figure 2) system is steadily attracting attention in Japan. Principally sold in
North America, the Helm Master enables the control of two or more large outboard motors at slow speeds by one
joystick. The young wealthy target groups in particular have no strong preference in regards to engines, leading to an
increasing number of users who are not bound to past norms.

In order to create a new target market, the SR320FB was developed utilizing the SC-30eX hull as a sports cruiser

featuring two outboard motors + the Helm Master system.
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Development of the electric commuter model “E-Vino”
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Abstract

Recently, there has been increasing interest in measures against global warming, such as through the COP21 (Frame-
work Convention on Climate Change 21st Conference of the Parties to the United Nations) held in November 2015.
Technological developments for reducing emissions and improving fuel consumption have now become more vigor-
ous in the automotive industry.

Yamaha Motor Co., Ltd. has also developed electric commuters as the one of their measures for reducing exhaust
emissions, and released many models into the market, such as the “Passol” in 2002, “EC-02" in 2005, and “EC-03" in
20009.

The newly developed “E-Vino” is an EV commuter which has been developed under the concept of user-friendliness,

and is based on the Smart Power" technological ideal that we have accumulated to date.

1) Smart Power: New power sources, primarily for electric vehicles, designed to create a new paradigm of mobility
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Development of the electric commuter model “E-Vino”
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Development of the electric commuter model “E-Vino”
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Development of the electric commuter model “E-Vino”
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Development of the electric commuter model “E-Vino”
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YXZ1000R SS 2017 Model ROV
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Abstract

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

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

racing. Demand is expected to increase further in the future. To cover this wide range of uses, Yamaha developed and

released the VIKING in 2013, followed by the VIKING VI in 2014, and the WOLVERINE and YXZ1000R in 2015.

Featuring a sequential manual 5-speed transmission, the YXZ1000R was developed with the purpose of building the

image of being No. 1 in sports performance, and further strengthening the ROV platform. With its signature YCC-S

(Yamaha Chip Controlled Shift) technology, it aims to appeal to a broad range of users within the sports arena. This

report introduces the new pure sport YXZ1000R SS model.
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OIL FLOW IMAGE  [nchecked = Checked

B - o row |Bypass Port | Bypass Port | Reflow Port |

-Position sensitive damping is achieved using an inner and outer sleeve
as well as bleed valves drilled into inner sleeve.

-Ride Zone — Oil is allowed to bypass the main piston and flow through
the bypass holes in the inner sleeve and returns underneath the piston
through the reflow ports. = Comfortable Ride

-Bump Zone — When the piston passes the bypass holes then all oil is forced
to pass only through the piston and adjusters increasing the damping.
= Firmness / Resist Bottoming

-Rebound Stroke — Oil will flow through the reflow ports to the unchecked
bypass holes. Before the piston passes unchecked bypass holes, oil is forced
to flow through only the adjusters increasing the damping.

X4 Internal bypass technology
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2017 model Snowmobile Sidewinder
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Abstract

The number one request from the snowmobile market every year is always “give us more performance”. Yamaha
studied long and hard on how to deliver the ultimate performance Snowmobile that will carry the name tag
“Fastest Production Snowmobile” at sea level and “King of the Hill” in the alpine. The development target was set
and engineering was given the green light to develop this next level snowmobile. Yamaha has a very strong brand
reputation for delivering fantastic engine packages, and the development team knew we had our work cut out to
meet the high level of expectations. To achieve ultimate performance, the development team designed a turbocharged
snowmobile that truly feels like a naturally aspirated engine fitted into the next generation chassis shared by our
collaboration partner. The engine exceeds expectation by providing smooth linear power throughout the entire
operating range. Throttle Response is crisp and instant and there is no off/on hesitation that is often seen in other
turbo charged systems. Plain and simple this engine does not feel like your typical turbo charged snowmobile, as the
engine pulls harder in all ranges. In true Yamaha fashion, the engine is altitude compensating making peak power
not only at sea level, but all the way up to 10,000 ft. To truly appreciate this, one must experience the Sidewinders

performance.
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2017 model Snowmobile Sidewinder
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2017 model Snowmobile Sidewinder
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Ski

The New Mountain ski from Yamaha provides the ideal

SRViperzit & T 2. BDfo V1V

floatation working in tune with the rest of the vehicle.
The ski is lightweight both in design and in steering. The
keel is balanced to provide the necessary feedback to the
driver navigating the terrain while turning with ease and
low impact. Yamaha designed the ski to be predictable
and comfortable in all conditions. Turning is smooth and
true. Darting down the trail is minimized by its wide keel.
This keel makes trail riding a breeze as it is not prone to
fall into other tracks laid down from other snowmobiles.
Boondocking is effortless by the contour shape of the
rear blade along with the location of the ski fore/aft on
the spindle.

This new ski meets all the demands of the driver and

brings high level of confidence both on and off the trail.
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SMB : Snowmobile

ROV : Recreational Off-Highway Vehicle
PWC : Personal Water Craft

ECU : Engine Control Unit

CVT : Continuously Variable Transmission

2017 model Snowmobile Sidewinder
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8AR-FTS Engine for LEXUS
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Abstract

In July, 2015, the production of an automotive turbocharged engine began at Yamaha Motor Co., Ltd. for the first

time in 8 years (figure 1). It is a FR version of the 8AR-FTS engine to be used in the Lexus IS, RC, GS models and the

Toyota Crown Athlete. This new engine has achieved superior thermal efficiency and good fuel economy, and is one

of the latest downsized turbocharged engines by Toyota Motor Co., Ltd. This engine has been jointly developed by

Toyota and Yamaha and will replace the 4GR-FSE engine, of which more than 1,000,000 units have been produced at

Yamaha.

This report introduces the engine overview, the major changes made to FR version engine from the FF version engine,

and its production technologies.
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8AR-FTS Engine for LEXUS
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8AR-FTS Engine for LEXUS
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The development of Radical New Asian Bike M-SLAZ

# mfa

Pisithsak Surawichai Rittanon Chongchatklang Ken Rungruang V& i%

Abstract

Recently, the popularity of big bikes is increasing in the Asian region. Many general scooter and moped customers
aspire to shift to a big bike, but pricing remains unreachable for young riders and a higher riding skill is required.
The M-SLAZ was developed as a step-up model to answer these needs, helping the transition to big bikes, but with full
features and at a reasonable price.

M-SLAZ was developed based on the platform of the Asian popular sports model YZF-R15 combining dynamic agility
and controllability with a full-fledged appearance. Main features are 1) High-rigidity upside down front suspension
which delivers excellent riding performance, 2) Upright riding position which brings an enjoyable feeling of being
one with the bike, 3) Street Extreme exterior styling, and 4) Advanced LED Headlight which enables a compact frontal

design.
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Based on the MT-09, this model has been exclusively designed for use by police forces.

With the main target as police organizations in France, this model has excellent maneuverability and sufficient
acceleration performance for operation in urban areas. Increased demand for 1,000cc class models has also been
achieved by keeping the introduction cost down. While Yamaha Motor has supplied the TDM90O0A in this class for
many years, a new traction control requirement was added for upcoming bidding processes, and launching a new
model with higher performance and functionality than competitors became necessary.

Differing from conventional types, this model is used in a range of special applications. Building on understanding the
required functions, considerable effort was necessary to achieve riding stability in response to increased weight and a
parts layout for greater space efficiency in order to successfully add police-specific equipment while still utilizing the
features of this light and compact base model.

This report introduces the development of this police unit as follows.
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Development of the MX825V-EFI V-Twin Engine for Zero Turn Radius Mowers
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Abstract

The total world demand for general-purpose engines is approx. 28 million units (four-stroke engines from 50-1,000cc)
per year. The biggest market, North America, occupies approx. 12 million units per year, over 40% of world demand.
70% of the general-purpose engines used in North America are of the vertical configuration (vertical output shaft
types), with the remaining 30% of the horizontal type. Approx. 70% of this entire market is for lawn mowing purposes
such as walk-behind rotary mowers and lawn tractors.

Low-priced compact engines are used widely in walk-behind rotary mowers as they are mainly used for domestic purposes
and are therefore cost driven. On the other hand, in lawn tractors, there is demand for high-reliability, high-performance
and high-quality large-capacity engines for use in lawn mowing machinery known as Zero Turn Radius Mowers (ZTR),
which are used mainly in commercial lawn mowing. In contrast to the many Chinese-manufactured engines used in walk-
behind rotary mowers, the ZTR market is mainly occupied by Japanese and American manufacturers.

Yamaha Motor currently has a line-up of single-cylinder horizontal engines from 80-400cc. This report introduces the
development of Yamaha's first fuel-injected Vertical V-Twin Engine designed for use in commercial ZTR, which aims to

expand market share in the largest market, North America.
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Development of the MX825V-EFI V-Twin Engine for Zero Turn Radius Mowers
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Development of the MX825V-EFI V-Twin Engine for Zero Turn Radius Mowers
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Abstract

a7 F2/2.5B DR 5

Development of the F2/2.5B Outboard Motor
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The F2/2.5A was the first generation in the small-compact outboard motor category to be launched into the market

during the transition from 2-stroke to 4-stroke models in 2002, and they have enjoyed a wide user base across

the world. However, after over 10 years since its original release, its competitiveness has declined compared to

products available from competitors. Timed to coincide with the manufacturing shift from MBK in France to TYM in

Thailand is a complete revamp for the F2B (2 hp) and the F2.5B (2.5 hp) compact outboard motors, which improves

environmental friendliness, has product competitiveness, and profitability.

I3 Cabl

v VR 7 D) —Ic BT 2002 RIS 2 Aka—2ic
BEEHDS 4 An—rEFVE 1 HRELUTHIEAL,
SRR DIEIL O =Y —EICZF ANSh TE F2/2.5A
THHM, FEeh D 10 4FLLEREGE USE A LB S T
DBt MR FLTE e, SN N2 7 5> A
MBK #5214 TYM thNELERIE 52 /I TICHED
B, REDS, pEshB e sRit, BRE RN L2 X5 N<
F2B (2 5611 /F2.5B (258} "OEFIVF /IR
ZiTolz. 2 1 ICEE#TR R,

ES3EDIAL

BFEOHOE UTLL R 2T 7,
(1) HOBRBRBI A2
(2) BT OiR
(3) FREEDN |-

®1 EEHT
F2B | F2. 5B
ot S AN — 77
POCRRR B OHV2 /3L
HER i T2cm
A =7 54.0mm X 31.5mm
/ S Wt l.:')l—\'\j(Z. 0PS) l.SI_\'\E(B.:—)l)S)
5500rpm 5500rpm
W 2.08
& 1028mm (S), 1155mm (L)
% 625mm
| 4 363mm
17kg(S) 18kg(L)

2-1. WERIRIRRE

EPA CKREEREIHEIT) 2 XBifl, CARB (hU74)L=
T RGETR) 3 AZ—BIUEMN EU2 D& A 2B 7%
U7 L. BRSO Hfs L7z,

YAMAHA MOTOR TECHNICAL REVIEW

74



Ao 1% F2/2.5B DRI3
Development of the F2/2.5B Outboard Motor
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Water jacket spacer
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FAZER R: Industrial-use unmanned helicopter with large 32L agricultural chemical payload

ARH KEEAE FHAR ATB2 HEz

Abstract

Currently, unmanned helicopters are being employed nationwide in the agricultural sector. The number of units in
operation, has already exceeded 2,600 (as of January 2015). Within its main purpose of use - pest control in rice
paddies - unmanned helicopters have a high-work efficiency advantage through being able to spray large areas in
short time periods. Unmanned helicopters now covered over 30% of the total pest-controlled surface areas, making
them an essential resource.

Yamaha Motor began development of unmanned helicopters for pesticide spraying in 1983, renewing the original
model in 2013 after about 16 years, with the release of the current model FAZER with its improved payload. After
three years, the FAZER R has been developed based on the FAZER to feature even greater capacity.
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FAZER R: Industrial-use unmanned helicopter with large 32L agricultural chemical payload
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FAZER R: Industrial-use unmanned helicopter with large 32L agricultural chemical payload

X 3 &, SREPIKICBFET—Ia—2Ey F L
JOGHIRS R RLIZDTH B, HEAKHE FAZER O 5 i
BRI LT FAZER R OJERFRIAAI T, HIUHE 2 XD
INEIREYFHICT/RBTENTETWVS, X413, BEGE
RIS DT )V F—HRDFHFE R Z RLIZEDTH
%, Rl a—24E ). HED Z OHE ) 2 3 T oIt
THIAXIF—ETH%, HEKEE FAZER ORI L
“C FAZER R OJEFRIRAITIE, RN T RRC BT —
va—2H#Ef GEERD KBLT, HEZRVF—REL
THI AKW HIIR S 2T TETZ, HRLIz T R VF =501
i )RR AHEN DT DI TE AT L RS, T—ilu—
ZD7E SO FERidO Ty Y U E DY)
BUCXD. BEmH 300m £TO 321 AMHEIKIC K 55 72
EH Uiz,

3-3. BEYZTL
3-3-1. ZBEE X7 LYARS
(YAMAHA Attitude Reference System)
LS 25 1. (YARS) Z—¥iLiz (K5), ¥¥ H
g i S x5ay ra—b =y Mt — O
PRERILTED, F—lic—Hot v—IcBEMIREL
BETHNM A TE Ak LIzce T, Btz &
Foo 7—ARMEME— AV PO REZ i 2 THRD,
WK & 75 B B A NREN O B I 2 2 XIS RNV A%z F
DiAH, 200g LL ORI LE i E ST, AEM O
IRV Y T VAR, IR L O S 7B
Bz fbicxtd Rz m EER TV 5,

3-3-2. FATHIE

A TR C IR R RO LB T 2 0 A MEZ B
Ul-ititZiiot, AT 70kg Sic L. A ORI
bk 32kg &0, HABA RO 2R L LR LT
TS 30% e DR RZE M FEET S, HinZ IR
(RN E— A2 PO ZEB & 7 D BRI K x50 ¥z 15 A
%, AETFILVTR, FIEANCBOTALEERN LTS
JOENEEOEER/NELTHTLICKD, ERICHT S
B R %L T TLITRINL, RE R T — it
HAREHLiz,

i)

IrLF—EEE

FAZER R

FAZER

F—ILO—32EYF A

K3 F—)ba—2EvFAEEHIIFN

NEVAUDZE: ¥

/FAZER

4kW

\ N FAZER R

i )

M4 F—/bO—Z#ENEEEIRIVF—

F5 #HYARS (BEHR)EHX

YAMAHA MOTOR TECHNICAL REVIEW 80



AEE 32 OFFEH AT L ELABEANY 72— FAZERR

FAZER R: Industrial-use unmanned helicopter with large 32L agricultural chemical payload
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FAZER R: Industrial-use unmanned helicopter with large 32L agricultural chemical payload
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Study of Heat-treatment Characteristics of Al-Si-Mg Alloy for Application in
Rear Arms Made by High-pressure Die-casting Process
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Abstract

Aiming to deliver a high-strength rear arm for motorcycles made through the combination of simple processing and
a standard alloy, research into the optimization of T5 heat treatment was carried out to improve the strength of the
rear arm made of JIS-ADC3 series alloy using a high-pressure die-casting process. For the research, it was essential
to prevent the negative effects of two-step aging and to determine the heat treatment conditions which enable stable
improvement in the strength of the rear arm. In this study, the effects of material composition, water-cooling condi-
tions, and aging conditions on the hardness of T5 heat-treated Al-Si-Mg alloy, which shows complicated precipitation
characteristics during the age-hardening process, were researched to clarify the heat treatment conditions enabling
the manufacturing of rear arms.

Through the study, the following results were obtained. Mg has an important role in improving the age-hardening
characteristics of Al-Si-Mg series alloy. In the case of 0.32 - 0.37 wt% Mg, a peak hardness of 88.7HRF was obtained
at 473K X 7.2ks. By increasing the aging temperature, the peak hardness increased, with the ultimate hardness of
90.6HRF obtained at 483K < 3.6ks. On the other hand, the Cu content and cooling water temperature have no signif-
icant effect on age hardening characteristics. The results of calculations of Mg,Si content in the age-hardened alloy
suggested that positive age hardening effects had emerged for this characteristic.

Based on the results obtained in this study, the developed rear arm has been employed in sports models for ASEAN

countries as represented by the M-SLAZ launched in Thailand in 2015.
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Study of Heat-treatment Characteristics of Al-Si-Mg Alloy for Application in Rear Arms Made
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Study of Heat-treatment Characteristics of Al-Si-Mg Alloy for Application in Rear Arms Made

FNENOELZ O T i A 2 X A A A b
Pl LTz, FhEhERN K 2 1RT . XA ANEE .
293 ~ 318K T/KHUCIZEL THAIL. N L2175 5i
ICEIAT 1800ks FIRKFR SRz, ZDMIC, XA HARE
MORIEHK 5mm OREHLHBEDEE 64mm #i 8mm /&
X 3mm Ol EYIO L T E LTz, £ D%, #1200
DIAY— LTI ZWIEE LT,

®) HERH
VS i 973+5K
R 473~533K
5000g
; 90msec
P& 60MPa

2-1-3. ALK E LTS RIE

Yo U7 tak #4113 % & 473K IS TN LREZh LB % 47
W, BEERELRE, MEE, %4 1.8, 36, 7.2, 144,
28.8. 86.4ks DN LREhiZIc Y b IRy 75 o )UREEEL
HR-522 ZHW, F A7 —UcTHlE LT, SO SR %
L. %4 3 mllE Ul i S 2 oReb Tz, IRpshiRgfaicidm
AR ZTA TV,

R, mEMOEEZRUHK F %2 O TR g =
ZleER s Lic kR LRtk Z e z#E sl e
L. WA Bibod 473K 1 483, 453K 0 2 /k#EZ&BANL .,
3 KHEICTHBR LT,

2-2. ZERBSRN R DIES I RIF T BRI DS
2-2-1. &M

B ORIEICNIE T IR OB R S BIC
Hch, £ UITHETHILC. D, E. FOHEHIK TS
1K G DYAEZHERR LI,

2-2-2. HERHH I UHEEMA IR

WE7% 3 FifH (10, 5. 3mm) b BIROF %
L, & 3ITRT RN TEAAANEEREL., Hadtrel
e 2),

&®3 SERH

il 973+5K
473~533K

§ 3250¢g

FE] 30msec

HiiEE ) 45MPa

85 YAMAHA MOTOR TECHNICAL REVIEW

by High-pressure Die-casting Process

= 8
[e0)
©
10
3 EARNAR
200

(2 HEMAR

2-2-3. BB HLUES. BERIEERAE

A A AN, WO LM 2l BTk L.
E SR RN I 1 303K DR & LT, KKl S LTz
W5 FISRRERNZ BIR U Tz, INFRIIE I O dre/ kR 1.8ks 7
536, 7.2, 10.8. 21.6, 86.4ks D 6 KHEIZE{LIH Tz,
ROT, 463K, 3.6ks iICTALRZNZ1To72,

BRIy rafoy sy o)ViEEE HR-522 Z W F X
F—IVCTHIE LTz, BRIGERBHAT VAR T
ST ARV, WERICKO R THEL . Wbk
JZ 10, 5. 3mm OHPREEDFENLE T o7z,

2-3. KA EFOHEIRE L SHKEDRE
2-3-1. ARHHEA

AIECRT O BERAM i L & 1 UK AN EL % O REE T K
T RERRATZICHD, X LISRITHILH OEg%
A L7z,

2-3-2. HER MG S SUEEAMRR
MEHMNTHZ2V Y7 —LERISEDOHER, RikEHT3
“HR A EAE R, K4 ORETEA I ANEE LT,
€ 300mm i 140mm & 620mm O & 5 0 A ki )5
2.5mm DI HS 120mm fADOHRZYIO L., itk L
e
"4 BHERH

s s 973+5K
ekl 473~533K
PIA T i 5000g

Fe SRR ] 80msec
BEYEIE ) 54MPa

2-3-3. BUBBIUVETHE
AMBUCE DT, KIBERTO SR RIS 5 X O HDK

L



FAAR PIVYT —LADHERICE = Al-Si-Mg RES OB DR
Study of Heat-treatment Characteristics of Al-Si-Mg Alloy for Application in Rear Arms Made

0) 554 75
DB

I E ST B8, XA A ANk 303K
DURORRMETHIH L. RO Tl 76 B L il 85 7 o
793K T, 0.6ks fRFFL7c. D%, JHW OHEEAM I I &
THRWL, 20L OKHISIRIELTHAIL 72, ZORIC, fH

MRS X 593, 643, 693, 743, 773K O 5 k#E. sk

Il 278,826, 871K DI8uKMEE Ve, e, IKin DI
CHERMICIE S — ZABAE RN Z IO U, IEOREZTT-

Tzo K12, FiIRICT 86.4ks D HARERN Z 1T,
T 473K, 3.6ks DN LHEhE o7z,

XY ha®oy 7Y o) UgEEE HR-522 Z WV F A
T—IVICTTIE LTz, E ST X EEAM O 7 — b 614
10mm N7 LRT. # 800 DL X —HLTHIERTT>
F=t%. 5 WAEZI TV, SEEEZ R L,

AMBRER  cs—
3-1. ALBSShE I RIZTHRER S RE DR

X 3ICHE Wi, BillA N TIRERhIRER, MEfliAs A 1
R TOR Y7 2 )VEE TH%, WVWINE 7.2ks
MHEICRAKEZA LTV, Cu DEHERMZIFHETHS
LA, C. EZILEET 2L, #UKC. ERIZEFASOME
ERLTVS,

T

90

& (HRF)
&

o]
o
Q@

0 ; 1‘0 1A00
AT R (ks)
B3 ATESEEICRET HERORE

— 5. HUKAZC. Bt URERIIEIICE S, 4 05
6 BAY MEEEWEEZ/RLTWVS, #IK A, C. EiTH
L CuDEAROZVHILB, E. FicBWTEBkOBIN
HEHLNE, ThidMgDaHRZEHS—ELL LITHEM
FhE, REREIMESNETLZRL TS, oo M
OEARDFECHIKA L B.C £ D.E& FOlEKICHVTE
ZNFN CuDFHRCESTIREFFOMEZRL TS,
AR O FHIC O TIE, A i‘ﬁ"ﬁ?\”l)&}:&% Cu

DEAT RDREE IS EE RIF SRV TEARENTHD,

by High-pressure Die-casting Process

EBDIEH D RETH BV Z B,

HOT, b OIS 2R UTHE F Otk 2 v,
RFRT S 2 3 K HEAE (b & B T B D W R AL RS 2 J A L
T2 X 4 1Kk F OBEGMIC I 285 A TR T O
AR E RT, 483K BV TIE 3.6ks #£Ic., 473K IcH
W 7.2ks BRICE—IEHRBILTz, 453K ICBWV T
86.4ks A RBMEINEL, A EAODTIT7LE->TH
D, 86.4ks ¥ TOMTHETDE—7IZHSNEh >,

92

& (HRF)
E.siB

oo
N
N

’
- —— 483K
—&— 473K

f'/
78 ¢ —e— 453K

768 =y
0 1 10 100

ATEENEERT (ks)
M4 ATBESNZEEICRIZTERNBEDR

CNEDEERMS, XA HAEERITV, XA H ANk
W% 293 ~ 318K O/KHICIHIL THAIL. Mg D3
% 0.36 ~ 0.37wt% ICHE L 7=7Ai57% LV 483K TA T
B2 15T eickD, 3.6ks TE—ZfiX 90.6HRF %135

hBTEATh o7

3-2. BARRIDR

FEFETRENC BV TR, PHER O D TREOHULEL
DL REICIRY, BT LESHE R %IC A LRER)Z Bibh
TE5bIITREV, £, BARRREHZEHT 58545,
HFE) — R 2 A LSBTz, BB ZIRET 5 1T,
FARIE S N LR O I RIZ T HERET S L
WBEHETHD. TODH 3FHEOME (10, 5. 3mm) %
13 22V, HIRREDD N TRERIROME I M IE
NI, fEREIK 5 IRT . BT E AR
weiilllc 463K ICT 3.6ks N LREhZ T >0y 7D )b
Em R, WECLOBEZLICEE T %L, BJE 3mm
¥ 5mm [ E RSN EC KDL LBICHEEA EARLT
WaOICH L, HUE 10mm (1 ESRRERIRERT 1.8ks Tldfth
OHEI AN TIREKRZRBEDHZRLTVEEDD, £
D% 86.4ks ETIRMEIHEDS AN olc, TORR, BHR

YAMAHA MOTOR TECHNICAL REVIEW 86



FANR b Y ¥ T —LADBERIEI Tz Al-Si-Mg RESDOBULBHFIEDORE

Study of Heat-treatment Characteristics of Al-Si-Mg Alloy for Application in Rear Arms Made
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Studies on linking characteristics of delayed fracture of carburized parts to
hydrogen concentration measured by thermal-desorption analysis
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Abstract

Delayed fracture is a brittle fracture occurring after time has elapsed caused by absorption of hydrogen during pro-
cessing of parts. This is the most critical characteristic in high-strength steel usage, particularly if the parts are un-
dergoing tensional forces. However, the risk involved and characteristics of delayed fracture are not well recognized
in practice by part designers and manufacturing engineers. This report introduces studies on linking characteristics of
delayed fracture of carburized parts (made with high-strength steel) to hydrogen concentration measured by thermal-

desorption analysis.
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Abstract

Lithium ion batteries (LIBs) are widely used in electric powered vehicles such as PAS (pedal assisted bicycle), e-Vino
(electric scooter) and JW (electric wheel chair). LIBs are essential component in these products and determine their
performances as well. While, the insufficient understanding of LIB's nature prevents the full usage of LIB's perfor-
mance, because we cannot see LIB's reaction directly due to the sealing case. We can use LIB's full potential perfor-
mance if we can measure the LIB's reaction directly and understand it well. For this purpose, we developed in situ
nuclear magnetic resonance (NMR) method and analyzed the overcharge reaction and capacity fade in cycle life. This

paper reviews our recent study based in three publications " .
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Abstract

The data loggers that are used on motorcycles are intended to measure the running data during races and when driv-
ing on closed courses ", These data loggers are small in size, lightweight, and optimized for mounting on motorcycles
so that they do not affect the vehicle dynamics. Consequently, almost all of these data loggers are not equipped with
the amplifiers and filters necessary for taking measurements from strain sensors. Most of the data loggers that have
amplifiers and filters built into them are large in size and cannot be used on a motorcycle while it is being driven
because of their poor durability, poor water resistance, and poor dust resistance. However, it is necessary to carry out
strain and acceleration measurements when developing a new motorcycle body so that the body strength and motion
characteristics can be understood “'¥. Furthermore, the ability to increase the number of measurement channels and
acquire position information is also being demanded to improve the efficiency of development and deepen our under-
standing of the phenomena that occur during driving.

Consequently, a new data logger was developed for use during the development of new motorcycle bodies. In the data
logger that was developed, both amplifiers and filters are built in and it is able to measure the information coming
from each of the various sensors. The number of channels was also increased by synchronizing multiple data loggers.
In addition, the durability, water resistance, and dust resistance of the data logger were all improved by injecting
resin inside the data logger case. As a result, the most suitable data logger for use during the development of new

motorcycle bodies was developed.

|NTRODUCE |0M mance of the motorcycle's body. The measurement data

: : that is collected is mostly analog signals (acceleration,
Running tests are carried out when a new motorcycle

strain, and voltage, etc.) and digital signal i
is being developed to evaluate the strength and perfor- L ) il Sgial
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speed and tire speed, etc.). In many cases, GPS data is
also collected at the same time as these measurements
in order to obtain position data. This is done for the
purpose of reproducing the tests and understanding the
test conditions.

When these running tests are carried out in the rain or
on rough roads (Figure 1), there are cases where vibra-
tions and water infiltration cause the components on the
substrate to peel off and the data loggers to malfunction
(Figure 2). If the data loggers malfunction, it becomes
necessary to suspend or postpone the running tests. This
is why it is so desirable to limit these malfunctions as
much as possible and have data loggers that can be used
for long periods of time. In comparison to an automobile,
there are not many places where equipment can be
mounted on a motorcycle, so it is also desirable for the
data loggers to be small in size.

There is great demand to make the motorcycle body
development process even more efficient and the num-
ber of different measurement items is also growing more
and more diverse. This means that, depending on the
running test that is being carried out, it is also desirable
to expand the number of measurement channels so that
multiple items can be evaluated at the same time.

In recent years it has become necessary to output the
physical values that are calculated from the various
sensor values. These sensor values include the internal
information from a controller, such as the engine control
unit (ECU), and also the values from GPS sensors that use
inertial sensors to correct the position data. In this case
it is also desirable to measure the CAN communication
information .

Consequently, a data logger for use on motorcycles was
developed at our company in order to satisfy these var-

ious demands.

REQUIRED.ITEMS sme—

The following were determined to be the required items
for a motorcycle-mounted data logger that would make
it possible to efficiently collect data during the devel-

opment of a new motorcycle body.
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Figure 1: Rough Road Running Test

Figure 2: Component Damage Caused by Vibrations

2-1. GPS position data acquisition function

GPS data to acquire position data are measured in
order to reproduce the tests and to understand the test
conditions. Figure 3 and 4 show example GPS data which
were measured at different mount position of the GPS
antenna. In the Figure 3 the GPS antenna was installed
in the front cowl. In the Figure 4, the GPS antenna was
installed on the front fender. In the Figure 3 and 4, A, B
and C show the measuring points. The GPS status data
in the Figure 3 were O between B and C. When the GPS
status data were O, the GPS data weren't acquired. On the
other hand, the all GPS status data in the Figure 4 were
1. When the GPS status data were 1, the GPS data were
acquired. In this way, GPS data cannot be acquired due
to mount position of antennas. Therefore it is necessary
to keep flexibility at the mount position of antennas in

order to receive GPS data.
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2-7. Fast acquisition of measured data

There is demand to improve the efficiency of the running

LESE

METHODS,OF REALIZING
REQUIRED ITEMS

This new data logger was developed using the following
methods to help ensure that all the required items were

realized.

3-1. Connection to GPS receivers

The data logger was designed to be able to connect to a
RS-232C-compliant, commercially-available GPS receiver
via its serial port. The data logger and GPS receiver are
separate components that can be connected through a
wiring harness so that it is possible to mount the GPS
receiver in a different location than where the data
logger is mounted. This in turn improved the freedom
to determine where to mount the GPS antenna and so
the antenna could be mounted in a location with good
reception sensitivity.

The format of the information output by GPS receivers
is often the same, but it can be different depending on
the model of receiver. This means that the digits of the
output values and communication speed are different.
Therefore, the data logger was designed to be able to
automatically detect these differences internally and
measure them depending on the model of GPS receiver
that it is connected to. As a result, the number of possi-
ble GPS receivers that this data logger can be connected

to was increased.

3-2. Integration of the amplifier and low-pass filter

An amplifier and low-pass filter are both equipped on
the main body of the data logger. This enables the data
logger to be connected directly to strain sensors and
acceleration sensors and to take measurements from
them. An integrated design such as this also means that
fewer wiring harnesses can be used to connect the data
logger and sensors in comparison to data loggers that

have separate amplifiers and filters.
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On the other hand, it is necessary to set the appropriate
values for the gain and cutoff frequency of the amplifier
and low-pass filter depending on the measurement con-
ditions. Therefore, the data logger was designed so
that these values could be set afterwards and computer
software was also developed that allows these values
to be set as needed. The data logger is connected to the

computer via USB ports and then the values can be set.

3-3. Injection of resin

Waterproof connectors were used for the connectors and
resin was injected between the main body of the data
logger and the case (Figure 6). Encasing the main body
of the data logger in resin helps prevent the components
from peeling off due to vibration and also helps prevent
water infiltration to a certain extent.

There are times when gasoline and engine oil may be
spilled on the test vehicle during maintenance, so an
epoxy resin was used that is strongly resistant to gaso-

line and various types of oil.

3-4. Synchronized measurement

The data logger was designed so that when multiple data
loggers are used together, the measurement timing of
each of the data loggers could be synchronized. Figure 7
shows how multiple data loggers are connected to each
other. The data loggers can be set to be the “master” or
“slave” using the computer software that was described
previously. The data logger that is set to be the “master”
acquires the measurement data at the set sampling
frequency and then outputs the timing signal acquired
from the data to external devices via the OUT port. On
the other hand, the data loggers that are set to be the
“slaves” have this timing signal input through their
IN ports. This determines the timing for acquiring the
measurement data and then they in turn also output the
timing signal acquired from the data to external devices
via their OUT ports.

This method allows for several data loggers that used the
measurement data to be connected. This means that in
the case where you wish to combine all the measurement

data into a single data set, a computer and the software
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Figure 6: Injection of Resin
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Figure 7: Synchronization of Data Loggers

described above can be used after the testing is
completed to collect and combine all the measurement

data together.

3-5. CAN communication

The data logger was equipped with a CAN communica-
tion port so that it can be connected to CAN communi-
cation devices. In the case where CAN communication
is carried out, it is necessary to connect the end of the
communication cable to a terminating resistor (120 Q)

in order to prevent reflection of the signal. However,

*Development of data logger for motorcycles

there are also cases where having a terminating resistor
within the data logger is not necessary depending on
how everything is connected. This is due to the fact that
when CAN communication is used, it is possible to have
branching and connections to multiple CAN communi-
cation devices. The data logger was designed so that
the terminating resistors that are necessary for the CAN
connections can be selected as needed depending on the
connection method employed for the wiring harness.
Figure 8 shows a portion of a circuit diagram for a CAN
signal. The line marked “CAN1-L” is the LOW line for
CAN communication and the line marked “CAN1-H” is
the HIGH line. In this case, if “CAN1-T” is connected to

“CAN1-L", a terminating resistor can be inserted.

3-6. Reducing the time necessary to acquire
measurement data

The data logger was also designed so that the meas-
urement data can be acquired using a computer via
USB communication. The storage format for the meas-
urement data was set to be binary, so in comparison to
the text format, the volume is smaller and it is easier
to transfer. However, data that is in this binary format
cannot be read by spreadsheet software, such as Excel,
so additional software that can read this binary data and
convert it into text format was prepared separately.
Furthermore, the data logger was also designed so that
the measurement data could be stored on memory cards
and this makes it very easy to move the data around by
simply inserting and removing these cards. In the case
where the measurement data is being checked and the
test is being repeated continuously, the ability to reduce
the amount of time needed to acquire the measurement

data should lead to more efficient testing.

R16 120 1/2W

CAN1-T

CAN1-H
CAN1-L

Figure 8: Terminal Connection of CAN Communication
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Figure 9 shows the external appearance of the data log-
ger that was developed. The following lists the specifi-
cations of this data logger.

- Size: 97 X33 X178 mm (not including connectors)
-Mass: 700 g

- Sampling frequency: 1- 20 kHz

- Analog input: 12 channels

- Digital input: 6 channels (including switch input)

- Serial communication: 2 channels

- CAN communication: 2 channels

- Low-pass cutoff frequency: 10-10kHz

- Power supply: DC 7-18V, max 1.5A

- Water-resistance: JIS D 0203 R2 (not including USB
connector and memory card slot)

- Vibration-resistance: confirmed by running test in house

Figure 9: External Appearance of Data Logger

EXAMPLES,OF:DATA::0GGERMSAGE

Figure 10 shows an example of how the data logger is
connected during a running test. During these tests the
data logger is either placed in the carrier box, the stor-
age space under the seat (Figure 11), or is anchored in
place as is on top of the seat. The power supply for the
data logger comes from either the battery mounted on
the vehicle or a separately mounted battery. The strain
gages and acceleration sensors are placed in the loca-
tions where measurements are desired. The GPS receiver
is placed in a location with good reception sensitivity,

where neither the rider nor the vehicle itself will interfere
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with the reception. The operational switches for the data
logger are placed under the handle bars or some other
location where the rider can operate them easily. These
operational switches allow the rider to begin and end the
measurements, adjust the balance of the strain gages, and
perform marking while riding the vehicle. A computer
can be connected to the data logger via USB and the
dedicated software can be used to set the measurement
conditions and also to monitor the measurement values.
It is not necessary to mount the computer on the vehicle

when taking these measurements.

BE

In-vehicle *
Battery : USB

‘ Battery power supply %_

Data logger
Memory card

igi Serial
Analog Dlgltal el N
signal signal communication

Analog Switch/

Digital GPS receiver CAN devices
sensors

Sensors

Installed to vehicle

Figure 10: Example of Data Logger Connections

Under seat box

Data logger

Motorcycle

Figure 11: Example of Data Logger Mounting
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Figure 12 shows an example of the GPS data that was
measured. The GPS data acquired during the running test
includes the GPS trajectory and also a color-coded record
of the vehicle's velocity. This measurement data clearly
shows where the vehicle was running and at what speed.
It can be used to confirm the running conditions after the
test is completed. This data is also very useful in the case
where it is necessary to reproduce this running test.

In recent years it has also become much easier to record
video at the same time as the measurements are being
taken thanks to the development of video cameras that
can be mounted on the vehicle. Figure 13 shows how
the combination of the measurement data and the video
footage allows people other than the rider who per-
formed the test to easily understand the driving condi-
tions during the test. This can be used as a communica-
tion tool between the test rider and the engineers since
there are some tests that can only be performed and

evaluated by a skilled rider depending on the test con-

ditions.
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Figure 12: GPS Data

Figure 13: Driving Video and Measurement Data
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FUTURE.CHALLENGES s

The new data logger that was developed has been used
for the in-house development of new motorcycle bodies.
The performance of the tests themselves and the data
analysis that is carried out after the measurement data
is acquired have all become more efficient as a result
of using a common data logger for these running tests
within the company.

On the other hand, there have also been cases where
it was difficult to use this new data logger during the
development of smaller model motorcycles and competi-
tion models due to the size and weight of the data logger.
For example, there were cases where sufficient space
to mount the data logger on the vehicle could not be
ensured and other cases where the presence of the data
logger had an effect on the movement of the vehicle.
Consequently, there are demands to further reduce the
size and weight, as well as to improve the mounting
capability of the data logger.

There are also some portions of the data logger that have
poor vibration resistance and water resistance due to the
USB connector and ability to insert and remove memory
cards. Improvements that will address these issues are
also required.

Not only is there a need to improve the performance of
the data logger's hardware, there is also a need to make
the software that is used to adjust the settings easier
to use. In addition, there is a strong desire to develop
new software tools that will make the testing work even
more efficient, such as analysis tools and tools that will

automatically generate test and data reports.

CONCLUSION

A GPS data logger for use on motorcycles was developed.

The required items that would make it possible to effi-
ciently collect data during the development of a new
motorcycle body were determined and then a data logger
was developed that could satisfy all of those require-
ments. As a result, the data logger that was developed
is being used during the in-house development of new
motorcycle bodies.

In the future, a new version of this data logger will be
developed that is even smaller in size, lighter in weight,

and is easier to mount on a wide variety of different
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models of motorcycles. In addition, the performance
of the data logger's hardware will be improved and the
software that is used to adjust the settings will be made
easier to use. New software tools will also be developed,
such as analysis tools and tools that will automatically

generate test and data reports.
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Abstract

PFI (Port Fuel Injection) gasoline engines for motorcycles have some problems such as slow transient response
because of wall wet of fuel caused by the injector’s layout. Hence, it is important to understand the characteristics
of fuel sprays such as droplet size and distribution of fuel concentration. Considering the spray formation in a port,
there are three kinds of the essential elements: breakup, evaporation and wall impingement. However, it is difficult
to observe three of them at the same time. Therefore, the authors have made research step by step. In the authors'
previous study, the authors focused on the wall collision, droplet sizes, droplet speeds and the space distribution of
the droplets. In this study, the authors focused on evaporation. A direct sampling method using FID (Flame loniza-
tion Detector) for evaporating fuel was established and the concentration distribution of evaporating fuel in the port
was measured and analyzed. As a result, it was found that higher velocity in the port increases fuel concentration
with enhanced atomization and that evaporating fuel is easier to be affected by the flow and fuel distillation charac-

teristics.

intake pipe wall while it does good characteristics such

INTRODUCTION

The fuel supply system of a gasoline engine for motor-

as high degree of freedom in injector installation. The
worse characteristics may be recovered by optimizing the

cycles is almost the port fuel injection system to meet  ipjector settings. For this process, numerical simulations

the stringent regulation of exhaust gas emissions. This
system is basically the same as of a passenger car, but
due to the space restriction, the injected fuel does not
necessary impinge on the intake valve as the injector
is located at an upstream position. This difference may
cause worse characteristics such as slow vaporization,

slow time response and also fuel attachment on the

are useful, but the accuracy is not well evaluated and also

detailed experimental study has been scarcely made "%

In the authors' previous study ¥, the spray character-
istics injected upstream the intake valves were inves-
tigated by using a transparent duct to allow optical

access. An improved ILIDS (Interferometric Laser
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Imaging for Droplet Sizing) method '/ that can meas-
ure the velocity and diameter of spherical droplets on
a plane, PDA (Phase Doppler Analysis) method that
can measure the velocity and diameter of a spherical
droplet in a small measurement volume and also laser
tomography on a plane were applied. Experiments
with changing conditions such as flow speed and injec-
tion direction were carried out using these techniques.
As a result, the effects of injection direction, ambient
flow speed and wall roughness on the fuel-air mixture
formation process were examined, considering the three
conditions of cold start, light to medium load operation

and high load operation.

In this study, the effect of evaporation is carefully
examined. A technique to measure only the evaporated
fuel (in gas phase) concentration was proposed. As the
experimental parameters, fuel, flow velocity, gas tem-
perature and measurement locations were changed.
The variations of evaporated fuel concentration were
examined and also used for the evaluation of spray

model in a commercial code.

EXPERIMENTALARRARATUS s

2-1. MEASUREMENT DEVICES

Figure 1 shows the schematic of experimental apparatus.
An acrylic passage with a square cross-section of 20 x 20
mm was used. To make a cross-flow to spray inside the
passage, an electric blower was installed with a laminar
flow meter. The exit of the passage was connected to a
vacuum pump to adjust the pressure in the passage.

A port fuel injector with four holes, spray angle of 5 degrees
and volume flow rate of 145 cc/min was employed using
n-heptane or i-pentane as a fuel and injection pressure
was set at 0.3 MPa as a standard condition. The injection
direction was set at 30 degrees to the flow axis as shown in
Fig. 1. Heaters were installed in the upstream to control the

inlet gas temperature.

Figure 2 shows a gas sampling device of designed for
only evaporated gaseous mixture. At the tip, a flange is

attached to make a flow separation, removing liquid film
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outer diameter 0.71 mm

Fig.2 Gas sampling probe

or droplets into the probe. By taking high-speed video, it
was confirmed that no liquid film or droplet was sucked
into the probe. The inner diameter of probe is 0.41 mm.
To avoid the condensation of fuel inside the probe, the

probe was heated with rubber heaters.

The amount of sampled gas was controlled using a DI
(Direct Injection) injector as shown in Fig. 3. The sampled
gas was stored in a chamber of 1.93L. An electric fan

was attached to the chamber to make homogeneous gas

Injec
A.-,hb Temperature
e i e T T -
Lo controller

Schematics of gas sampling system
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inside. Also, the chamber was heated at over the boiling
point of a fuel. Pressure sensor and thermocouples were
installed to the chamber. The picture of the sampled gas

chamber is indicated in Fig. 4.

Figure 5 shows the measured points of gas sampling.
Points A~C are on the center-line of the passage while D,

B, E are points on a vertical line.

2-2. EXPERIMENTAL PROCEDURE

The evaporated mixture's concentration was measured
by the following procedure; (1) evacuate the chamber,
(2) start injections of fuel from PFI injector and gas
sampling, (3) charge N2 into the chamber to measure the

mixture concentration using a FID.

Table 1: Experimental conditions
| i-pentane (28) [

Fuel (Boiling te srature
uel (Boiling temper 1twuu [C]) 1}:})}‘9&}}?9 (98)_7_777

Cross wind velocity [m/s] 40, 60
Temperature of flow path [C] 25, 60, 90
Fuel pressure [MPal 0.3

Injector 4-holes for PFI ‘
| £31 CAImIN

[njection/Sampling frequency [Hz] | J

o

Injection duration [ms] |15

1
1

Sampling duration [ms] 813

Sample start time (ASOI) [ms] 0,575, 015920540

Table 1 indicates experimental conditions. Two kinds of

fuel with different boiling points were used.

EXPERIMENG, JLT
3-1.SPATIAL DISTRIBUTION

Figures 6~11 show the temporal changes of local
equivalence ratio with varying flow velocity, gas tem-
perature or fuel. Figures 6, 8, 9 and 11 indicate that
a richer mixture was found at closer position to the
injector. A direct photograph of spray with n-heptane,
velocity 60 m/s and gas temperature of 25 C at 7.5 ms
after start of injection (ASOI) is shown at Fig. 12(a). The
picture indicates liquid fuel in white and the area of
liquid expands and the intensity becomes weak in the
downstream because the injected fuel diffuses in the
passage. As a result, the richer mixture was found at

closer positions to the injector.

Comparing Figs. 7 and 10, the local equivalence ratio
takes the maximum at point E in Fig. 7 while at point
D in Fig. 10. Figures 12(b) and 12(c) indicate the direct
pictures using n-heptane and i-pentane, respectively
with flow velocity of 40 m/s and gas temperature at 60
C at 7.5 ms after start of injection. Figures 7 and 13 are
results of n-heptane where the ambient gas temperature
is under the boiling point of the fuel 98 C. When the gas
temperature is less than the boiling point of fuel, much
liquid fuel remains in the passage that are difficult to be

affected by the ambient flow. Figure 12(b) also indicates
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that the injected fuel is not carried on by the flow, but
impinges on the wall and flow along the lower wall. This

causes fuel-enrichment near the lower wall.

Meanwhile, when i-pentane was used, most fuel is
evaporated as its boiling point is 28 C. Figure 12(c)
indicates less white area compared to Fig. 12(b) due
to evaporation. As a result, much evaporated fuel are
easy to follow the flow near the upper wall and the
equivalence ratio at point D increased. This result means
that an evaporated fuel concentration strongly depends

on the evaporation characteristics of fuel.

3-2. EFFECT OF FLOW VELOCITY

Figures 13~15 show the effect of gas velocity. The larger
the gas velocity is, the larger the local equivalence ratio
is. Figure 16 indicates that most of injected fuel does not
follow on the flow but impinges onto the bottom wall
while Fig. 17 does that fuel spray follows on the flow and
that more homogeneity of mixture was achieved. The
reasons were found why the equivalence ratio increases
with larger gas velocity; fuel atomization effect and fuel

evaporation on the fuel path where fuel is carried on.

Here, let us consider the effect of fuel atomization.
When fuel is injected into a field with high flow velocity,
atomization of fuel is enhanced. The generated small
droplets are easy to evaporate. When the fuel keeps
liquid phase long, the path of gas and that of liquid fuel
are different. Thereby, fuel enrichment near the bottom
wall was found. However, when evaporation is enhanced,
the paths of gas and fuel are similar to each other. As a

result, more homogeneous mixture can be prepared.

3-3. EFFECT OF GAS TEMPERATURE

Figures 18, 19 and 21 show experimental results. Higher
gas temperature causes higher equivalence ratio. The
direct pictures with different gas temperatures of 25,
60, 90 C with n-heptane, with velocity 40 m/s at 7.5
ms ASOI are shown in Figs. 22, 23 and 24, respectively.
Comparing these pictures, higher temperature causes less

white area due to enhanced evaporation. The spray angle
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is affected by the gas temperature as decreasing the
liquid fuel component brings about the less impingement

of fuel onto the bottom wall.

Meanwhile, Fig. 21 indicates that the relationship
between local equivalence ratio and temperature. Except
point A, the relationship was not clearly shown. To
examine this, observing Figs. 25 and 26, no liquid fuel
(white area) was found at the measured points except A.
Moreover, equivalence ratio at point C takes higher
value than at B, closer to the injector with velocity 40
m/s. For this reason, most of fuel impinges and bounds
as indicated in Fig. 27(a). Meanwhile, equivalence ratio
increases as increasing the x distance with velocity 60
m/s. For this reason, most fuel follows on the strong flow
with enhancing evaporation with x distance as indicated
in Fig. 27(b).

Finally, in Fig. 10, equivalence ratio at point D takes
exclusively higher value than at B or E. For this reason,
evaporated fuel can follow on the gas flow as indicated in
Fig. 20.
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Fig.29 Comparison of equivalence ratio between
calculation and measurement at three positions
(n-heptane, 40 m/s, 90 C)

3-4. DISCUSSION

The mixture formation process was analyzed by using
two techniques of the local vapor concentration meas-
urement and the visualization. As a result, main three
factors were found: the boiling point of fuel, the
wall impingement of fuel and the cross-flow. As the
evaporation is enhanced, the fuel easily follows on the
gas flow. When the liquid fuel impinges on the wall,
some scatters in droplets and some flows along the wall,
leading to local rich mixture. The cross-flow may curve
the spray and cause classification of size of droplets,

leading to mixture stratification.

In the authors' previous study " where the effect of
evaporation was not accounted for, the following con-
clusions were deduced; 1) When the ambient flow speed
is high, most droplets of a spray do not impinge on
the wall, but when the flow speed is low, some or most
droplets impinge on the wall and then be convected by
the flow. This difference causes different atomization
characteristics at the intake port far downstream, 2)
In the upstream region, due to the difference of the
locally relative velocity between the ambient flow and
the droplet, when the injection is made to the same
direction of the flow, SMD (Sauter Mean Diameter) of
droplets becomes small with high flow velocity compared
to with low flow velocity, 3) In the downstream region,
the droplet size shows smaller value when the flow
velocity is low. This is probably due to that the effect of

wall impingement is more dominant than of breakup

1 15 YAMAHA MOTOR TECHNICAL REVIEW

by the ambient flow, 4) The effect of wall impingement
was examined. When the flow is slow, a large difference
in SMD was found at injection direction of -60 degrees

(oncoming to gas flow).

In this study, not only the atomization effect examined
in the previous study but also the evaporation effect was
examined. As a result, the distillation characteristics of
fuel, classification of droplets and follow-up of droplets
to gas flow were found to enhance making homogeneous

mixture.

EVALUATION,OE.SRRAY.MOD
4-1. MODELING OF SPRAY

Numerical simulations were carried out using RICARDO
VECTIS code “. Figure 28 shows the comparison of SMD
of droplets between calculation and measurement. The
injection angle is 90 degrees to the flow using n-heptane
and the wind velocity is 72 m/s in room temperature and
pressure. In both areas (a) and (c), a good agreement was
found. In area (b), calculated result indicated larger value
due to the wall impinging model that is formulated on
the basis of empirical study and mass, momentum and
energy conservation constraints . In this calculation,
employing the revised drag force model of droplets that
accounts for the vertical and horizontal distortion of

droplet”

caused better predictions.

In Fig. 29, the comparison of local equivalence ratio is
shown. The calculation results indicate good agreements
to each other at different positions except at point A.

The employed simulation models in VECTIS were found

fine to use as a design and analysis tool.

T AT —

In order to prepare a controlled fuel-air mixture for
motorcycle gasoline engines, the numerical simulation
is widely used for its design. As the mixture formation
process is complicated, spray models such as breakup,
drag force, evaporation and wall impingement are
quite important to make accurate predictions. However,

these models have not been evaluated with exper-
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imentally measured data. The authors tried to evaluate
these models in the previous paper except the effect
of evaporation. Thereby, in this study, the effect of
evaporation is carefully examined to analyze the above
effects and also to evaluate the simulation models used
for the design of the fuel supply system of motorcycles.

As a result, the following conclusions were deduced.

(1) A technique to measure the evaporated fuel (only
gas phase) concentration was originally proposed. The
accuracy of this method was confirmed by using differ-

ent fuels with different boiling point.

(2) A fuel spray is diffused along its passage getting to
a homogeneous mixture. The effects of fuel distillation
characteristics, injection angle and wall impingement

must be accounted for to make quantitative predictions.

(3) The larger the gas velocity is, the larger the evapo-
rated fuel concentration becomes. Also, the enhance-
ment in atomization and evaporation will enable the
mixture control by controlling the gas motion. Mean-
while, the higher the gas temperature is, the higher the

evaporated fuel concentration takes.

(4) Evaluation of spray models employed in a simulation
code was carried out. As a result, the predictability of a
commercial code was found good and appropriate for a

design and analysis tool.
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