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The quality of products and service demanded by customers in recent years has risen to new
levels and, along with this rise, the amount of cost loss the manufacturers incur due to things
like customer claims has come to have a big effect on profitability. Several major incidents
involving product quality have gravely affected companies in recent years, such as food poisoning
from products of a food maker and product defects in the automobile industry in Japan and
a major product recall by a manufacturer of automobile tires in the U.S. These incidents have
shown us how a product-quality problem can cause the overnight collapse of a famous brand,
or how a Product Liability problem can determine the fate of a corporation. In times like these,
manufacturers are constantly being reminded of the importance of the quality of their products

and service.
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Someone once said to me, “In the old days engineers used to design things so well. ~ He was
referring to days after the World War II when engineers were forced to work with poor materials
and parts for which there were unreliable quality standards. What he meant was that they had to
design products well within those limitations in order to achieve the functions necessary.

Today, if you have the money, you can always get high quality materials and parts, but that
results in products with production costs that can be simply too high. When we speak here of
“unreliable quality standards,” we mean that there is a wide range of quality inconsistency, and
“good design” means design that doesn’t rely on high-cost materials and parts but still produces
products that give stable (robust) function that is not highly vulnerable to the effects of quality
inconsistency. Thus we call it “robust design. ”

Also, “quality inconsistency “as we use it here doesn't refer only to inconsistency in the quality
of things (materials and parts) but a larger meaning of inconsistency that includes factors like
changes in conditions of product use and environment and such things as deterioration. If robust
design is used at the development stage, with regard to the various types of inconsistencies
encountered in the way the products are used in the different markets as well as inconsistencies
at the manufacturing stage, it is possible to make a big contribution to reducing cost as
well as reducing quality-related cost loss. This kind of robust design is especially essential in
development of products that are subject to stiff

price competition.
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It can surely be said that sound quality control is one of the pillars on which Japanese
manufacturing has developed. Yamaha Motor is of course no exception. However, with the advent
of globalization of markets in recent years and social trends that place increasing importance on
issues of product safety, the demands regarding product quality are changing rapidly. At Yamaha
we are working urgently to review our quality standards for our motorcycles and establish the
capability to respond quickly to the changing market and social environment.

This trend in recent years toward more stringent demands from society for manufacturers
to achieve and maintain new levels of safety and reliability in products in the food, automotive
and other industries is not something that is limited to Japan alone. It is a worldwide trend of
the times and corporations that do not respond to it will be left behind in today’ s competitive
markets.

One of the prime indicators of the trend toward new levels of demand for product safety in
the motorcycle and automobile industries in Japan is the big increase in cases of product recalls
(Fig. 1). This increase should not be interpreted as evidence of an increase in incidents of trouble
resulting from declining quality controls standards. Rather, it is the result of efforts by the
manufacturers to ensure customer safety by seeking to prevent trouble before it begins in the
case of problems that might involve their safety.

At Yamaha, as well, we have acted swiftly with the cooperation of our dealers to take measures
to improve products that may reach the market with significant problems in order to help
ensure customer safety. Thanks to efforts like these, there is a gradual shift in consciousness in
Japan today similar to that which has occurred in Europe and North America. In short, people
are coming to see that recalls are not entirely negative. Rather, they can be seen as positive
manifestations of responsible corporate action to improve product quality.

In this report we look at the progress in quality improvement efforts by Yamaha’ s Motorcycle
Operations in recent years in light of these trends and the directions we intend to pursue in the

future.
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At the Power Products Operations of Yamaha Motor, we develop a wide range of products
including electromagnetic guidance system golf cars, generators, snow throwers, multipurpose
engines and racing karts. With the exception of a few products, most of these are manufactured
for us by our group company Soqi Inc. We also supply engines for 2-passenger Yamaha golf
cars and electric motor controllers to the group’s U.S. manufacturing base YMMC (Yamaha Motor
Manufacturing Corporation of America). Here we introduce various measures we have adopted

for improving quality in our product development.
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There is a tendency to think that there is not much difference between an outboard motor
engine and a motorcycle engine besides the fact that one is mounted horizontally and the other
vertically. In fact, however, there are many differences between the two. What people demand
from an outboard engine is that it be lightweight, that it doesn’ t break down and that it doesn’ t
rust. These are different from the things people expect from motorcycles, automobiles and other
vehicles. These factors mean that engines are made in a different way. Top-of-the-line outboard
motors mount all-aluminum 3,000cc V6, 2-stroke engines rated at 250 horsepower.

Another thing today’ s outboard motor industry faces is the implementation of regulations on
exhaust emissions in markets like the U.S. This is prompting a major shift in product lineups
from a predominance of 2-stroke models to ones centered primarily around 4-strokes. All the top
makers are now working frantically to develop new models to keep in pace with these market
trends. At Sanshin as well, we have undertaken the development of a range of new 4-stroke
models and 2-stroke models adopting direct injection (DI) systems that inject fuel directly into the

cylinder.
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Rather than the types of dry technical reports of things like “examples of product quality
improvement based on reliability engineering,” that our readers are used to seeing in Yamaha' s
Technical Report series, we have prepared the following discussion of the product-quality
measures we are pursuing at AM Operations in a style that we hope can be read in a more relaxed

manner.
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Yamaha Motor Company’ s PAS Operations develops electric power-assist bicycles and
wheelchairs. Nine years have already passed since the development of the Yamaha PAS as the
world’ s first electro-hybrid bicycle, and total production has exceeded the 500,000-unit mark.
And, since the nationwide release of our electric wheelchairs in 1996, the number of people who
use and love these products has grown to nearly 20,000. Today, sales of these Yamaha wheelchairs
have spread beyond Japan to Europe and other markets, and with constant improvements in
functions and product maturity they have continued to win high levels of customer satisfaction,
as shown by the many letters and words of appreciation we have received.

These Yamaha PAS electro-hybrid bicycles and electric wheelchairs have now become a part
of people’ s daily lives, and they depend on them as important means of transportation. For this
reason, we at Yamaha’ s PAS Operations believe that we must build products that are not only
sound and reliable but also easy for anyone to use and never bothersome.

However, when looked at from the perspective of the history of bicycle development and the
scale of the bicycle market, we realize that there is still room for improvement in these products.
We need to continue to make improvements so that they will remain products that are user-
friendly and a source of fulfillment and satisfaction for our customers.

In this report we look at the efforts we have made so far in the area of product quality and,
based on re-examination of their success, we lay down measures and goals we intend to pursue

in the future.
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1 XV1700PC Road Star Warrior

In 1998, Yamaha released the XV1600 Road Star in the three leading big-bike markets of North
America, Europe and Japan. The time it was the production motorcycle with the world’ s largest
displacement V2 engine, it won high acclaim in these markets for its exciting combination of
a torque-y, strong-pulsing engine feeling and running performance characterized by straight-
forward handling and excellent stability, as well as the pure beauty of its exterior styling. Also,
lead by strong popularity especially in the North American market, it sold over 34,000 units in
three years.

The XV1700PC Road Star Warrior expanded on the authentic big-bike world created by the
Warrior XV1600 Road Star. Here we present a summary of the development process that made
the Warrior a machine that offered “full enjoyment of exciting riding on the “open-road " like

no other cruiser before it.
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1 YZF-R1 2002 &EEFIV

About 30% of the demand in the European sport-bike market (excluding scooters) is in the
supersport category. Also, with competitive models being offered by all the major makers, this is
a category that has a big influence on the world motorcycle market.

Ever since its debut at the 1997 Milan Show as a “super cornering machine, ~ the YZF-R1 won
a large and devoted following among sport-bike fans as an awesome fusion of 1,000cc power and
a 600cc class chassis.

The 2002 YZF-R1 is a model that builds on the superlative cornering world of the YZF-R1
to realize the next-generation supersport flagship that answers the calls from the market for
a machine with even greater handling performance in the higher speed range, even more

linear throttle response and the capability to attack the curves even more aggressively.
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1 TDM900

Released in 1991 with a model concept of “King of the Mountain Roads, “ the 1st-generation
“TDM850” immediately became a popular model in Europe for its spirited, sporty riding
performance that could handle a wide range of road conditions from winding mountain roads to
cobblestone streets, its high line of vision, easy riding position and individualistic styling.

This “TDM850 " then evolved to its 2nd-generation version in 1996 with the change in the
engine crank interval from 360 to 270 degrees. The rich feeling of pulse deriving from its
irregular-interval combustion, dynamic running performance and wide torque band of this new
engine, together with the bike’ s neutral handling stability and unique styling, won this model
many fans and established a strong presence for it as one of the standard models of the sports
category that truly answered the description of a sports “all-rounder. ”

Until now, these two generation models of the “TDM850 "have sold a total of some 62,000 units
in the European market through the year 2000.

While fully inheriting the original basic concept of the 1991 1st-generation “TDM850, ” the new
“TDM900" has been designed and developed with the latest Yamaha technologies to achieve the
aim of realizing an entirely new TDM world. With the main development concept of using
primarily weight-reduction technologies to achieve an quality of handling that touches the
soul, new technologies and know-how have been adopted in all areas, from the engine to all the
detail components of the chassis, while at the same time re-designing the exterior styling for a

complete image renewal.
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In specific terms, while maintaining the existing elements of multi-purpose riding potential,
easy riding position and unique styling, the spirited TDM riding performance has been further
refined by (1) increasing engine displacement, (2) adopting fuel injection, (3) adopting an
aluminum frame and (4) reducing overall weight, to achieve dynamic performance that puts the
rider in full control to ride as his heart desires. In this way, the TDM90O0 is truly all new and fully
worthy of defining the “3rd Generation TDM. ”

The power unit is a new 897cc engine that adopts numerous technologies shared by the
YZF-R1, like forged aluminum pistons, plated cylinders and carbonized connecting rods to ensure
outstanding performance. What’ s more, the new power unit also adopts fuel injection, a 3-way
catalyzer and Yamaha's air induction system that combine to achieve outstanding drivability and
clean exhaust that clears EU-2 emissions standards by big margins.

The new-design aluminum frame is a diamond type. The adoption of the latest weight-reduction
measures and technologies in the wheels and all areas of the chassis have enabled a big reduction
in overall weight. The total product of these improvements is a level of running performance on

mountain roads that approaches that of the 1,000cc class supersport models.

ZI (XU&IC e

“FT AT e a—R” ZRBUT 1991 4E7E 2a—L7gMK TTDM850 &, 1hiET A4
YT YT HEHOAERE T2 BRI R OB CAR—T 1 I EE. SOHBRE SRR YV e
2 PR BI R EDTHEG TR E N, — BN TILE RO RN T2 — R LTz,

T 'TDM850 13F D% 1996 4, 5T Y% 360 87575 270 7S INZEE LT
2 fXH I'TDM850  IZHE{ b, NIRRT K %7 UVAKR NS T« —) V7 L BN =588 1, TEIA W B
VIR, = a— b IVIREEELENE, Z UTIAEN AR A VIS T 7 DR 219 T, [ —IL oo 52—
DALERLVEFICL, AR—VEORUEETILDOVEDE U TBRIAAEEE T E—IL LT E T, K5,
CTNETHUE 2 REZEEDES EH 62,000 BEOIRFEE (22HK 2000 FKYE) ZrldkLiz,

COFEFHFED ITDMI00J(E 1) 14,1991 1K [TDM850 ] DIEEAR T YT M2 kK LIS 5,
RO AT XOH L [TDM) V—)IL RO A
BUL ISR BIRIC BTz T TV TH S, T
FICBOW T BRIt 2O X5 &5
XOBHUL Z LIS, VYU Sk ET
FEBITHEATD/ NI 2 AL, THA ICB»
TE, ABEE S Z 2 HERET LY = 2—7 V2R iU
7o

HAARNCIE SERD S DO ZHEHENE SR> a2,
MWRFDAZ A, I EOFHUIZ D EFHAL DD,
)P ET YT, 2) Ta—TIA Tz ar iR

M2 XU 7FrA—RTDY T AET



Y<NRHR—Y TDM900
YAMAHA Sports TDM900

M. 3) 7IVITL—LERHL 4) BRIk, RERZEL %1 TDM900 B35t
TP 2 e i S B R S HTE R B0 298, 1EH =il
STESED . A — )V a— ERERICHIE LD ¢ E 3t | @Ex2Ex 2% | 2,180 x 800 x 1,290mm
~ ’ — — I\_I%_ 825mm
HY - i =~
AV TDM‘ %,1/%1[21/7" JETJU&\CIOTU‘%O P p— 7 485mm
IV NEH 897Tcm® T Y U AR UTZIEM wREe 190kg
TIVIEBEE AR, Ay VA @ikarvay R | RERER ki 4YA DN
. N e DOHC. 5 /N7
I ERHO YIF S ) — XA SOMMERALTE [ paes 2
RHERE 897cm3
NnrMREZ LR, EHIC, Ta—TIlA Vo3 RE x 1712 92 x 67.5mm
¥, ZIefb - TS VAT Y 3V DR XD, 18 E*ﬁtﬂgﬁ 104 :1 y y
N o BE 63.4kW / 7,500r / min
’h?’:]‘7/(/\lf. U TA (E\ EU-2 gﬁ;ﬂfﬁ”ﬁ%kmﬂﬂb BANLY 88.8Nm / 6,000r / min
)7 —52 70— 7 AR FBIL -, HEAR BEIEERSAH T
TL—LE BT L IMEAVEL R T — | X ZAANVE | 4Tl
- o o Mo OBRE 20L
LZ2ER Mo RA—IV RS EBIC IR of O Al fe NyTFURE 12V . 10AH
iz AL TRIRGBRRILZER. 1 Vv MVA— | 1R /2 RifiEtt 1.718 / 2.625
IS—AR—VEDIICHHETZ Yy T a—R T ’ 13K :2.750 23X :1.947
o R R ZiRLE 33 :1.545 3 :1.240
OETHZHEEILE (B 2), ‘RNCAETIVOTH 55 : 1.040 6 3% : 0.923
IR T, FvR&/ bL—=J| 255° /114mm
T —F%ER BiSHESY TIVT 4 R
‘MESITINTARD
Ny RSF NAT NIV T 12V55W x 2
ZI FRRDRA b D

el FFE TR kD ITDM850) HWEDOEMERENE, @7 v 7T A MR 3> @MFFDAZA )L,
EVSTRHAIZOFEEEEL, 1) V— 2B TMUTEITISF Y57 2—, 2) YUY TV H—RT
13 YZF-R1 ZEEETBETIE 3) Vv R—<I v eDY—) 7R ETELRT VI, 4) itk
BOROKBEINM R L, CNOED DR EREERIOCTONT VAR LR EREL,



YNRR—Y TDM900

YAMAHA Sports TDM900

IO H8E  —
3.1 FIIHBEERMARFADOH 897cm® TP

['TDM850/ I # DK 4 A —27-5 3L
72 WoNT YRGS 2 A6 2 RHAIC, BT
89.5mm A5 92mm i K, 897cm® N\ PR B
Ty TR BEERIC, TIVIBEE AN, AvF
DV VE R Ty R U, ek A L
Db 2tr N MENTR 2B, £/ 5718
M~27% 9% 7w (U527, ACM BH) Ul
fezhil7z (B3, B4),

32 Ja—IlMrxoavniFB

BN D VR HET AL DM 2 X B 1z
O, BRUIGIE T a—Tb A > V27 a v w2,
38mm AWy MUARTAAKIC 4 Fm—)L 2 Vv b
DA VxR 72iRE L, BIFE RN 2928, 5
WNWVTBtREDa Y Exr— a Y TENZRSA
INEV T & B REEREZ S [ R I LT WS,

K4 TPUEE/N—Y

FAT7 IS5 L

NIVIREEE

JENLT

3.3 AIE®RSKII b

HERARITT 7V —F Ry 7 A (750) &Iy
SONWIDOWS R MA[ 22 7 X2 BRI LTz, IRliingiic
JUTHY Mtz Z ¥ %> A7 T, 4,000 |6l
TR, ZNLL N TIEAY Mz 3 7570 1
ICHZD . Il A 2SS 2 IR %, Al M
SBHRHCAEL i@ A S 2RI KD R L 8 2 i
NRICHIZ, BNTRHERECRICED 5TV S (B 5),

K5 FAERTSY MEE

2%

34 ZOMDIIUEEDREH 0 Tou

OOV T T 7 RS Y2 @Rk
il 6 EE TV AIW T g @QAF—INEBI VIR
TN EA NIV, QP A2 XS T
TA VR ay VAT LB U =Tl B xR
L7 (B 6),

cO THC NOx

6 BEhARFELNIL



YNRR—Y TDM900

YAMAHA Sports TDM900

HEEE C—
41 TDM RHAUIDY=a—TI

A1) 27 B0 ORERRIEBITERIT T, 2 AT\
FIAMEIIIVFITL 2R ZHRHA U
MNEZR LN EESTREZ L, HDIHSE
DLz (A7), 7L—LDEI7L—)Lh5Y
YIL—LIZMFTDIY v o—7) 5T Rk s
PorEI7 VI T L—LTERBILE (A 8),

42 BRE(

TL—LEAY A TEET Ty b, VY7 —
I — RS L LT B IS & 5 T R
WX 2. BRI 2775572, VY 7—LEHD
LW U T 7—LORITEE 37 (B 9.
10), U DM 4 2179 T LENEET
L—L., VY 7—LED TR LD 6kg DR T ATYZTEY
BATES FA TR,

£ 7o TONTRHOTHIENI VAT — 2R, & g
LASHEGIR L LT R & TR R -7,

\ J S A
B9 & oL—)k UTF—LME [10 BESBIMETILIIL—A



Y<NRHR—Y TDM900
YAMAHA Sports TDM900

4.3 1R

TV UMRET Y T KB e ) Lo T L—LORIE T T ER T2, 5, SR
TTET N2 LUTA—S—AR—Y Dk [y F1) ] TidZe<, ON - OFF 7 i 2 bic o UT Rk
P filz Bl E e Ulco YAR Y Y a NEA PO — 072 KESHD , VYT AR T a A3HHI) >
Rz UN O IR E RN Uz,

44 HEEE

AV F =3V EID TEE 11 IR TEIICA—X
RS EERBILDO 2R ET T IVER, HVY
VB AN— T 5T, R KIRIE AT T
=27 ERe Uz, BREHIHRZR
ZERHU. Ny 7 —OEHZKI T 578, 48 K}
MBEBIN 2V ATLEE STV,

ANy RIA M3/ Rz A —E—L 5
H7 (55W) 1 41, /A E—Lda—E—L+F{l H7
(BG5W) 1 4T& LTz, Ba—C—LI)AN0 ZE
L7hdte U, 1 AT TR S 2R T E T2,

n ArF—nx)bEy

EI FRENDHRY4EA B
ARETIVDOEENDED AL LUTIE,

(1) AZAV % CAD OFEFIC X0 RN DO RWRIBWER 92 i T &, CE iKHDO R HEO A% &
. bEmE, NBUNEDIED AR T3 T TEMTE,

Q) MTETNVDI4—TRA VN THHTZT T RRFD T 3y 7 & A ZADEHSTITDOWT, 5 Bl B O 4
MRELESHED MC ELTIE#EERDTL—LNNDTL RV FEAFICED DT T IMEDY gy
& A X% KIRICSEEST AT N TE .

() xR Z AT VAL LT, HEHE OB U OBN 5 T OMm 2 iR Lz,

ZOMICE | R E AAIVIHBDUGE, AN/ A XKL, ADRBEL TS,

ZI BHYIC I
2001 4E 11 HICARA YDA F ) =itk TV N T2 o FaFid UTbN T LAREZICB VTS
AETFIVOIHNEHMNTZIFIANSN T LAZFEDES O ZTEL S DN TE T,
SIRIERD 10 FER7Z7E 05 5N KO HRD ARZ K > TVETZL,



YAMAHA MOTOR TECHNICAL REVIEW 2002.03.12

OP2O0RAbM)— R/—FE)V SXVT0
[SXViper]

Cross-country Snowmobile SXV70 “SXViper”
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1 SXV70

Even as we begin to see the effects of global warming and the overall snowmobile market cools
down, the sport snowmobile category continues to show strong demand in North America. In
this sport-model market the main battleground for the makers is the dominant cross-country
category, and it is here that they enter machines with the highest levels of performance and
features in order to establish their presence in the market.

Since its appearance in 2001, the SXViper has blown away the competition and won the hearts
of the users with its superior performance and features but also its revolutionary styling. Thanks
in part to the effectiveness of the product launch strategy, sales of this hit model have far

outstripped initial orders, leading to a major increase in production.
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AZAMA—9T 488 PWC FX140

4- Stroke engine PWC FX140

#21IU0 BE— Keiichi Sugivama 518 FRiff Yasuo Takahashi
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Bg1 FX140

The 21st century is already being called the century of the environment. As of 1999, emissions
regulations have been enacted for personal watercraft in the USA and Yamaha responded that
year by introducing the XL1200LTD featuring a 3-way catalyzer.

Now, moving forward in anticipation of even stricter regulations to come, Yamaha has
introduced the FX140 as the world’ s first PWC powered by a 4-stroke engine. Here is the story

behind its development.
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4- Stroke engine PWC FX140

ZI Eg%#i ]
R 1ICTFEEE CERT, 1 FX140 TE#ET
1H H FEITE
Bis(T>ooy) B F1B(60E)
ﬂﬂﬁi B | 2R x2EX 25 3.34m x 1.23m x 1.16m
RO HREES 20, REROES 7 T ke
. “ IoURR KGAYAoN
TEeH 9% (B2). B5145% DOHC S5 /LY
BRALAN 95.6kW(130PS)/10,000rpm
IS b s FATS *ﬁ%ﬁkﬁ% 998cm3
4.1 77 EREEBRETERENIV T Eyp———
PERFEITH U 20 mBEZIEEL. RIS [E#ELE 11.4-1
iEBBRIBHORTE B RE Lz, ZOHHE, HARR kS518>7
. . REHEIRTEE R B IR A
> )| S Y PHBE A5 - s -
B O P E B ERE R T B N TE T, WE S D RE oL
it4 N ] SMC
42 EHERIMVIENBRE TR T YMMCOKEIZGET 2t )
NIV RIZRGMOBIC H =50 BIE 0 TH Y., hDFD FICH B ANUTEE L PUEKEED LD

TEH%,
NIy FIREEX THMEEICKSmOITEE . Ty FEFeoBELANIIN—EBIcA 77 L —FE
N, FZY R—NBHAAT Y T IEICE i EN TS,
E7z, AN KA RIGHAR—RAZ T2 T LIc XD B E S RREZ T S/ TV 5,
INTINIOA— NI Z < A2 RS < B PRI IR R 28R 95 2 Ll &b, B
ReL M Bl EOMHZEW S | KX R 25 A TS,
ABBI/O—TRy IR
(BALR B > ORIV —fF)
UN—REBELN—

2RRAKR — b SRBEFIV R RFT U LY
UZ7RXBEDDAN Yy Kt—7F—

B4R O -

YOIy v
AT A

avsu7y

S5y kT A—L RNFTrvOvav A= —

ABZ7OYFBDAN

HRAZLAMY YR

SERRE O A v U
Y7 hMUALSRTA

{EEEE © 155mm .

Sy bRYT

= < “—-
BHELSRTS ] —
58 EESMCHiE{&
70Uy MVRBERES Vo
(RERTES 2 —VNIBS 1 7)

KBV T bININ=

MBIV TFF A EZI VAL

2 FX140 74—F+v—<v7



AZRRO—9 I 8% PWC FX140
4- Stroke engine PWC FX140
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4- Stroke engine PWC FX140
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4- Stroke engine PWC FX140
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1 UF-21CC

With demand for new boats decreasing year by year, we in the boat development business face
hard times. Still, the demand for used boats remains strong, which means to us that if we can
provide attractive products that answer the needs of this user category at a reasonable price, we
can still develop new-boat demand. In particular, there is an estimated demand of about 2,000
boats annually in the one to two million yen price range, and Yamaha has now begun developing
fishing boats in this volume category aimed at stopping any further drop in sales and share due

a lack of product value.
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Fishing Boat UF-21CC
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NRR—PMARSAE VMAX250

Outboard Motor VMA X250 for Bass Boat

M /B  Noriyoshi Hiraoka ABREF 5 Yasushi Iriono
O={ET% (B 1K

The large-horsepower models of the VMAX series were developed primarily for the bass fishing
market of the USA. Japan is recently experiencing a boom in bass fishing, but in the USA it has
long been the most popular form of fishing, with twice the market scale of saltwater fishing.

Here we introduce the VMAX250, Yamaha’ s largest horsepower model developed for this big
market and released in May of 2001.

Fig. 1 shows an exterior view of the VMAX250 and table. 1 its main specifications.
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Outboard Motor VMA X250 for Bass Boat
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Outboard Motor VMA X250 for Bass Boat
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Participating in the AUVSI Symposium and Flight Show in the USA

#K 3L Hiroto Suzuki @R A B

Yamaha Motor recently had the opportunity to participate in a symposium organized by the
Association for Unmanned Vehicle Systems International with the autonomous flight version
of our RMAX unmanned helicopter that has been under development for some time. Also, in
conjunction with this symposium, the Autonomous Flight RMAX also participated in a flight show
organized jointly by AUVSI and the U.S. Navy.

Although there was initial restraint in our Sky Operations technical staff about whether or not
to enter such an event in the world’s foremost aviation market, the decision was finally made that
participation would be meaningful.

Introduced here is a report about the demonstration flight conducted on July 30, 2001, at the
U.S. Navy’ s Webster field outside Baltimore, Maryland, and our participation in the symposium
held in Baltimore from August 1 to 3.

The speaker for the symposium was Akira Sato of our Sky Operations, while the helicopter

display and demo flight were conducted by the Sky Operations staff.
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Swim 21
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From July 16 to 29, 2001, the 9th FINA World Swimming Championships were held in Fukuoka,
Japan. Participating in the event were some 2,500 athletes, officials and coaching staff from 134
countries. The meet was a huge success, producing eight new world records, 48 event records and
20 Japanese national records, while drawing a total of 150,000 spectators to the event arenas.

In this event, a 50m international regulation pool designed and built by Yamaha Motor of FRP
in modules for installation as a temporary facility was used for the first time ever in the World
Championships. What’s more, this revolutionary pool won high acclaimed. Here we introduce the
story behind the development of this pool, named the “Swim 21, " including the various demands
placed on the pool construction and performance by the FINA and the measures Yamaha came

up with to meet these strict demands.
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A New Automotive Chassis Components:
X-REAS/PERFORMANCE DAMPER

SRE i seijisawai  IRF T KoujiSakai @ AMEZEI AME 2 BWE

In the field of automotive products, Yamaha Motor has been involved primarily in the
development and manufacture of high-performance automobile engines, mainly for Toyota Motor
Corporation. However, with the change in tastes in the market in recent years and the overall
rise in technological standards in automobile engines, it is becoming increasingly difficult to
boost the product value of a car and differentiate it from the competition simply on the appeal
of its engine alone. Given this situation, Yamaha' s Automotive Operations began development of
new chassis component technologies as a way to promote our automotive business. Here we
report on how these efforts led to the development of two new chassis component products, the
“X-REAS” and the “Performance Damper. ~Note that both X-REAS and Performance Damper are

registered trademarks of Yamaha Motor Co., Ltd.
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Product’s maturity and Process innovation
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To strengthen the competitive power of a product, there have always been tasks, such as
defining the quality and the cost of the product in its early stage of development and realizing
the short-term development capability. The earlier completion of the product’ s maturity is one of
these issues. Process innovation is a method to achieve this. This report is made to explain and

consider the contents and the relations of these two subjects.
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Abstract

Pipe bending is a manufacturing technology that contributes to the lightening of products and
increases adaptability to low-volume, high-variety type manufacturing schedules. Due to today’s
needs for resource conservation and compactness in products, there is a demand for thin-walled
pipe bending technology that enables tight bending radiuses and produces high-quality bending
with minimum cross-section distortion or scarring of the pipe. In the bending of thin-walled pipe,
wrinkles occur easily and it is difficult to maintain precision of shape.

There have been a number of methods introduced for bending thin-walled pipe, but all of them
have involved an increased number of steps and were therefore considered not suitable for mass
production. At Yamaha we focused on a hydro-bending method in which both ends of the pipe
are tightly sealed with reusable pressure-resistant caps and filled with a water at high pressure.
During the development of this method, special attention was given to safety measures, which
resulted in major reduction of the amount of air injected to pressurize the water and measures
to deal with the occurrence of water leaks. In order to increase manufacturing efficiency, the
capping and water injection process and the de-capping and emptying process were made
separate steps so that production cycle time could be set around the actual bending process. The
result is a high-quality bending method capable of producing quality products in one process with
the thin-walled pipes (external diameter 38.1mm, wall thickness 0.85mm, bend radius 60mm)
that had been considered difficult to mass-produce in the past. Furthermore, we were able to
maintain a cycle time (one minute) that is the same as existing bending methods for thicker-

walled pipes.
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Abstract

Until now, a hydraulic press was used for forced insertion of plugs in the oil passage holes of
motorcycle crankcases. However, there were a number of problems with this method, such as the
size of the press needed to apply the necessary pressure and the deformation of the work pieces
(crankcases) due to the amount of force applied. To solve these problems, we developed a new
type of forced insertion device that utilizes ultrasonic vibration to reduce the amount of insertion
force necessary.

In experiments with a test unit, a combination of pressure from an air cylinder and ultrasonic
vibration applied at the tip of the insertion device enabled a reduction of force necessary to insert
a ¢ 79 ball plug from the previous 2,000N to just 700N. Also the resulting extraction load is
greater than with insertion by the conventional method. In a test with a ¢ 12 tapered plug it was
possible to insert it with 1,000N without the occurrence of undesirable effects like pressure
leakage and biting.

Based on these tests a new forced insertion tool was built. This device eliminated the use of the
hydraulic unit, enabled the use of lighter jigs, greater freedom of work positioning as well as less

electricity consumption. We are now in the process of shifting operations to this new device.
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Forced Insertion Device Utilizing Ultrasonic Vibration
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Development of Magnetostrictive Load Sensor for Motorcycle-
Measurement Robot

JKEF #8  Yutaka Mizuno A{RHE B Tsuyoshi Kubota
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Abstract

In order to improve the accuracy and efficiency of evaluation of increasingly high-performance
motorcycles, we at Yamaha Motor have developed a control system for automated operation of
motorcycles by human-shaped robots.

For the indispensable shift load sensor in the system, we had originally used a strain gauge
type load cell but were unable to get satisfying results with it regarding sensor sensitivity when
subjected to engine vibration conditions, strength and response. To solve these problems, we tried
using a magnetostrictive sensor for the first time.

In tests in actual use we found that the magnetostrictive load sensor satisfied the requirements

of operating conditions for a motorcycle operation control system and measurement system.
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Mechanical Properties of Aluminum Alloys for High-performance
Forging Pistons

INith (21§ Toshikatsu Koike @FIEAIRtE 4 —R7O02 14 FRRE

Abstract

A continuous cast aluminum alloy, AFC12 (Al-125i-4Cu-0.5Mg) and powder metallurgical
aluminum alloys, AFP10 (Al-10Si-5Fe-1Cu-0.5Mg-1Zr) and AFP20 (Al-20Si-5Fe-1Cu-0.5Mg-1Zr)
were developed for high-performance forging pistons. Their mechanical properties at room
temperature to 623K, corresponding to the temperature range in the practically working piston,
were investigated in comparison with a conventional cast-piston alloy, JIS AC8A aluminum alloy.
The mechanical properties were measured after forming under the condition for the piston
forging. Room temperature hardness of the AFP10 and AFP20 changes scarcely even after
exposition at the elevated temperatures. The AFP20 has higher tensile strength, proof stress
and fatigue strength than the AC8A at whole temperature range investigated, while those of the
AFC12 are higher than those of the AC8A at a temperature below 423K. It is concluded that the
forging pistons of the AFC12 and AFP20 are expected to improve their performances at a low and

whole working temperature ranges, respectively.
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Schematic view of a 4-cycle engine piston

2.1 {HEHHE
% Eﬁ )iﬁ ;3_{':; M LT J@ % H (AFCIZ) L */ﬁ ;E H Table.1 Chemical compositions of prepared alloys
(AFP10 . AFP20) ZHE LTz, Fz, gk LT | Ay | Si |Fe [Cu[Mg|Mn | Ni|Cr|zr|sSiC| Al

%%M (ACSA) %ﬁﬁj‘%ﬁbfco %é}(ﬂ}:@'ﬂ:?ﬁiﬁ% AFC12 (11502 (3904 1018 - [0.12] - - bal.
S AFP10| 9.8 |21 |10]045| - | - | - |10 - |bal
Table. 11C/39, ##HH (AFC12) 1Zid Al-Si R 5% AFP20 1197150 1101051 - | = | - |10 bal.

WESICEHMUTHE R FRIEEAREENT WD [ ACBA 11802 [1.0[13 [ - [12] - | - | - |bal
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|
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[Heat treatment (Homogenizing)| [ Canning and degassing |
|

|

Air atomizing Gravity die casting |
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AFP20) iZ 150 pm IR kLizo7 7 b~ A AR | Mac:hining |
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and AC8A alloys and experimental procedure
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2.4 FIRHBER
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ZATW, 5 R, 0.2 %I 1. BT O EIEZ Rz,

b 16

Fig.3 Specimen for tensile test
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Fig.4 Specimen for fatigue test
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ETVRIARMRD o BBIEENT, o iIcH:S Si (b) AFC12 after forging, (c) AFP10 after forging,

§ (d) AFP20 after forging and (e) AC8A as cast
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Fig.7 Ultimate tensile strength at various temperatures

JEEL T, BRI Ko TR DR MME L A LT
{BEBIOMBZDAELELEZDLDEEZIBNS,

YR IS DOVT, AFP10 B EHICHBWTACBA £ 200 - AFCI2
KD EAEDEBOIERIE WhERLTOES, S 0T A O AR
423K DL F T2 0#EbTNTH S, Fhe difE & 300 = . —w—ACSA [
FH AFC12 &3 &, =il 423K Tld AFC12 D § 200 £
IR E OO, 523K L ETRINT £ 00 5
H BN AFP10 DS H <755, —/7 AFP20 3= < 0
M5 623K £ TOTNTOMBEBITINT, bt 300 400 500 600
D B3 BRI R LT B, FRE 523 Temperature (K)

Fig.8 0.2% proof stress at various temperatures
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T Y RIA MR MAIE I N TV T L. MAM TRBoERTD SHEED IERICHMM TH BT EHE R
5N %, Eiit, 425K 1BV TH S FEEDMUND 2HBEH DM A T, €2 RZFRA A — M DIL))
XA M ACBA K& BIHIKVEEZILNS,

Fig.10 | Fig.11 | Fig.12 I SiC Z RN L 7z ¥ A4+ AFP10SiC . AFP20SiC 04 |5k, it J1, T D
AERE 2 59, SiC DFMEX DT D 2mass% T, SEEERHEICIE K E BB LRV, TLAMRERT
PO ZZ DR T ERBMNH 5. MAM TIRBEIIGUTE T Iy Zhi 2B, i
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Is Saliva an Index for Stress Level?
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Abstract

More than half a century has passed since Hans Selye defined “stress” as the body’ s response
when a human being is subjected to an outside stimulus. However, no one has yet proposed an
index for making quantitative evaluations of stress. The authors of this report focused on the
changes in activation of a-amylase in the saliva and attempted to detect psychological stress in
tests with six normal subjects. As the psychological stressor, the Kraepelin Test was used. These
tests resulted in the observation of relatively rapid response in the activation values when the
subjects were subjected to a stress load. Also, when graphed, the slope of the line of the activation
values against time is consistent with the eustress and distress response. What’s more, when the
overall protein content of the saliva was measured simultaneously to study the effect of the saliva
secretion flow, we were able to verify that changes did occur in the level of activation o a -amylase
as a result of stress. This shows that a-amylase in the saliva is indeed a viable marker substance

for making quantitative evaluations of stress.
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IEAT D SERSERI DL EDRERLE 2, UL, AL ADE BN ZTHEL 35S 5P E R
ENTVRY, T AFLADIEFICEM A AT = A LISERLTHN 28D TH D, b MTK->THI
ISR T BEC D EEZIZF TR, FACe MTEPER X ML A (eustress) « A REARL A
(distress) ¥, Fi A N LA« WA A N L R EZ 5 M0 S 5 T EICERRLUTV S,
AEPEEIITIE, DA RLAZRATT AT LIcEoT, OREMRDERIC X SRIBHEN S DT
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I—)L7 IO E . @8R FE—I T RA—RIR R OB O UEIC £ 2 LTV —)LD 73T
HEVS 2 DDENMET B EHSENTVS Y, ATFa— L7 I e)VFV—IUE TARL ARV
TV e Rl E NS, TNBARLARIVEY DRI O E A 2T 5 Licko
T RO NLARISRE 12 8 %, UTzh > T, MR DA MLARIVEY JEERIE TIUTARLA
HHHEEERNHATENTEZLINTVS Y A, Z0O—/5 T BRI RIS &0 il
RALZEHED AR LA 5D B EN TV BT D5, MR OMERRR IR FIO T 3l /5 7 h
MatEnTW3 57, Z20H T, ML, OBMRZITOIN, RIKNTSE 2525 2 &1 BRI T
x @QRMICERNTFON, ORI ZAEE LR E, IRRIRICHNTZLOEFDH %,
LU, MEEHOFIVESIEIEIE nM (nmol/L) A —X—LIEFIARW O T/E &5 HIAAD N EETH %
e, MDD 28I UTHAELENTWROWOD B TH %,

FH O, B E THTIRIUC A TN ARLAIH T 24K S CA R ARLAKIR)
% E RIS I 2 il i1 3 572 D ——YEE UT iEBERD UL DTH SR D a-
7IZ7—E (LUF M7 X5 —E LK) OIFMEZILICEHL TV S, MK X5 —X1, @i mERH
IC 40mg/d]l &V EIRIE THET 278, FEHINE AL RGOS D —A—YEE L TR Tk
<. MERFEMEZ P UTHA TRE L o Y 2 T 5 2 LIc & >T ARLARISDHEHIO L
HRETE%, MW7 I T —BEARLARIVEVEDBIRICOWTIX, 7RV EICBE S5 DL
Hanz ¥, i SRRAEOBIRICK 2 HTa—IV7 I UOlHE, DVFV—ILEDEARLAIHS
B SEDE O, R AL ADO BEIRISGELTOWA T ENHSNT WS, Lich > T MEK T
IT—BIL I TRIEMFEDORIRICK D AR LVAR S 2R A D TN TENR, KISTEDEWE N
AN LAGHBEAROMET DR T E S, ZT T, AT, NS, KA L AOFHIIE L LT
Mg 7 25— B2 HWVS DY RS2, ARLAKIGEMER T 25 —BiEM & ORI 2 52
BRIV RRAIE LIRS RIS DWTARR S (Study 1)o RIS, MER W TR DA LA RN QMR 75—
BIEMEDOEC G A BB % BT, MR 7 25 —BIHMEE MR O 2237 & (LUR, MERER
2T LGS 72 [ARFAE LTS R 2 1 975 (Study 2),.

ZI WREUVAE e
2.1 Study 1 (FFHEIRMLR)

b hME. HEEFICBOTEHICHA G A RLAZE L T8, ARLARIGDFHc BN TIET
DHARZ IR D T VAL ADHED D UIF UIERE 755, 22T HEOARLAZEDOFROT,
TVARLVADIRREZED T T2DIC, FEMI A R L A i 3 SR, ARV AREMIZH LIz Y U —
Dot

12T O b))V R, FE L, S8R Massage Is,gsg%n Test [S)z)t;[ig%n
B FEYORE 22T TRV EEE 6% | | | |
(1 3 %4, L0 3 %4, 4 22.21+0.9 %, mean 10 10 15 30 (min)

TSD) TH %, fificid, KROBEE T 571 B MBI b L REHECA N RBRT0O RV
At LB & & T2 13 72, BB O fRIE 74 TestZ LAY Z TR b
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WK E N7z Bt 1 (EP1800 | A4 o T.K) Z L. #iM#ic 10 iz 58 LIy ¥ —
IzfilLlz, COR #RREICS y I DREN D2 RS UTc, Z D%, DULIEBEDNE TR
Pz 8B F(Mariah Carey, 1994, SONY MUSIC ENTERTAINMENT INC.) C 10 73 i & &
S8z, KT, Z7LXY T Z b (Kraepelin Psychodiagnostic Test) 7 15 73 7h¥ 714, MENi% 30 7
WHETz, 7L TAMM, fiHE—HORLUEZE 7T 5 LM EADD L DTH D, EHIEME
IR EDMEICHOEN D, AIFETIE, KRR v Y —E UTHWz, KEROR, EMIEBIS%
R UM 22 REBH AN [ % C & 2 HIMICEATE LT O35 TR oM BRINAR L @ 72 i, RSl
Wi L7252 70 0T HEMNIC BRI R LT IERIERR 72 5 7 IR TRl 1 ~ 2 93 T 1 pl 2 4%
IRFIICERI L 72, COEERZ, THEROZ T Ak Z 5 ., /Tl 10 Bih 5 12 RFORNICE MLz,

7 25— EOEHEORE. MEZk L UTHEZH W ETOV—F TN T3S, UL,
W 7 2T — BRI 7 25— BIR I LR TIER ISRV D728, RO FlE s 3R ol
EHIPAZ R TRz, ZOEEHNB T LIFTERRV, 2T T, £ HRIN UM 2 BRIk T
100 FHCAIRUTz KT Wfk & 122054 3K (ESPA AMY-FS . =7 1k) DFHaE RG22, 37°C
THRL. ZORICHEE 405nm TOWOEZFHIGT 2 C LI X>TEEMZNE LTz, 75— B
PeiE. 1 57HIC 1 pmol DIV —RICHIM T 23R chiZ Bk § 5 Rtz 1 AL (U) LUTRLT,
DUF, I #5594 mean®S.D. T/RY,

2.2 Study 2 (iREELDBER)

WS £ E N B AL P RT3 % T LAV L WY 35— 8 TH MR
SIHRIC I LT Z DY EDIING 5 C L AVHIBNTWV S, Thid, B FIRHBROMER T 35—
VAV FIRHIR D & DI LT 4 f5 685 <. DD 5 Wl Tl 2RI R LT FIRMEG &)
BIKEBBIHEHMENT LSO, Fz, o canylase
WSS R K ORI IR OD [ R DN 72 52 Tight_junction
F TR T 25— B O AT R
TH. Z DI HISE LR THB "

Fhbb, M7 35— BIEHZb DT R E L
TiE, B2 TEICOARLARICERIL, 58K
WRENTBE FIRVER T 35— 50
U G D — s v R ED XS 1c <,
EENZBLT “TFIIA =2 G5B
L3), @ RO 2RI 458150
ZLICHE R LT I R O ZRIC K B R ° 2 o o }
ORI, D 2 OREZEND, Lih->T ki . Oral part
RO BT 35— I L2 oot Vi strees
ARLVAIL Ko TE B2, Z ORGRMENR 7 2
S—BOEMNE(LT B ) LSRRGS 57

> Salivary gland

~ Excretor y duct

@ : Salivary secretion via exocytosis and/or

tight junction

2 HTRICBIZEERTIS—EDRFBANZIA
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DI M TR R DB 2 T EB I ZITIZOEIN N TE DI Z IR T2 5N D 5.,

L MERDIEANLR%Z G2 % T L7x KM i w72 HE 9 2 FHIIERICIN#ETH 270, IR
PTBOWTERMCEENDRE NI 8 (RKRZ 2N7) MR i s e REFaZ2 "9 &
HHISNTVS P, 2T T HERME RS E 52 R0 R T D DMER D IR R DS EOEL L
WFEEDFFOFE A R L A% B1j 9% C LI Ko THEIR T IR R D B2 TESIE/NEILTHE,
PRINU TNk A SMERR 77 X 5 —BHEE (AMYa) EMEHHE X 2787 (TP) Z[RFICHlEL. TNH5DA R
LRGN 9 528 b2 IE Lz,

WAL, Study 1 LJAl—DEHH 6 H1THB. B 31, M7 57— B IR MERKE 2 > 737 D]
RHE 70 V2R g, SRS L v =i kB 57— 3> (AFLVAREHD % OWE
e, LAY TAMI KB AN LVAA R EZ DM

W24 3 IR L, MER 7 25 —ETh &Mk | Massage | C Test C
2R RWE U, GRS R YRR €| L |
HAE—LLY K (PR EVTFY (MO) Bkt | 19 g 15 2 (min)

B NTED SR B (YA 0 TP-AR , ADEARL B3 R PLREBRT I 5—UiEE BRKSY /0
% OEEMF MO /ZHDRETO I
TR 2T, Bx ORI R®70 L3

3.1 Study 1 (FFHEIRMLR)

4123, R PG IC B2 MR T 25— BT EOBRRFZED 2 f (A, C) BRIy P —T 72 0
& A% LI RE Tl Ry =V KO MR 7 25— BIEEDMRRIC R LTz, —J5, RHREEIEL
TG TRy Y=L X oTHEIR T I 7 —BIGMED LR, TRZ#RDIRLLEL R 5T, vy P —

VDM CLEIAHTY) [T BT 35— o Mmylase activity
VG, AMYa = 120.2:79.9 KU/L 0 #i 1 o frenient of amvalie setiey
BBEDD, W LMK E o7z, =l | 2=
Hiz, MAD AMYa OZ(EO x—0iHTE S X *2E
Febc, W T 35— VIR IO AR AMYg 7 25 © LV E 0 22
< [ il ¢}

o
o

EFKUIZ, AMYg 137 LNV YT AR IL&k->TLeT 2 20 0 2
DR ETER L. S TAMMRICEN ZL 5SS (2) Subject A Time t [min.]

CLIcE->T 00U/ (Lemin) IR L=,

£72. ARLAENZBADTHBERT 35— ag‘;‘;z f‘; z_
I IR A2 /RS ETORMIE 85137 0T 82, 0 S £
Botz, ZOM% EHT IS — VRN RANER 82, 0 25
LCh B iR 5 DICET B L 218 2 0 &

N 0 20 40 60
INTR . . .
+6.4 73‘(35‘9710 (b) Subject B Time t [min.]
4 HEERT IS —EiEMNEEORBAE DR
(HBREA,. Oi~ivOEREIT. X1 Tk
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3.2 Study 2 (FRELDEER)

Wy 7 T — TG (AMYa), MEEFR X 2787 (TP) B ARICDWT, VI 78— g Ve AL ABAL
IRFD 2 B D 22 54 % Mann-Whitney #E &2 VTR L7z, Mann-Whitney #E &, REER D737
HAHDEEFITIBNT, AT 2 BEO IR MRE T 272D/ ST AN IRRELED VLD TH %,
Z DR, AMYa 11 2 BEI D2 BARD ENIH (p = 0.04), TP I EREREDLNixh o7z
(p = 0.55),

ﬂ %g S

R 1IZE, RELICAFLADOE SR ERE 72 =1 TEHMECHWEZ R RISE
R 2 I TDERD DRDTBHHE 6 LDARLA
7% 759, MO X 2 37T, Do, Aoz
H A T ZDHIBIMES TRV, Z U
UTC. Wil afidz V2 P, ASMROA LA G
IS LTRSS AR S %, COREIE AFLA
AL S U, MR 7 25— B TR PR HionH i &
DEZDIFAE D XS I, AANDZE L/ SZ—I
AHHUTHED#E T 52 &2 d, £/, ARLA
EZMAED T SRR T 27— i R Kt %
NG E TORRNE 10 2DAN, BT 2 DICET S
REE 20 DS TH D AL AARICH UTLHERIEOIEEH IS SN e,

WER 7 25— B L R R E ORIV TIE, VI 78—y a ke AN RARRED 2 FERCHER
77— B HICIIAEAENRD LN, R AT, ThhbBRE TR AEADRD SN Eh 5Tz,
CHUS XD, MER IR EDZE U0 FIRBWTEARLAICER T2 ZF VYA h— R X->
THER 7 2T — BTG 2L T 5 T L DRI NIz,

=V Pl & I T Tk, MR T 25— BT EDMR RIS R LIz & 5 AR L AKER]
DIRDBRD SN, Ty Y=V A REAIE TR HEREEFETHTEND, HREHIC TV AR
ZIRFEZAED T 72 DiEY) e A R L AR BRI E TR0 ENHH L EZ 5N, ThISHOM
BOUEDTH 5,

Absolute value——Eustress:Mean value of the
—': massage period, i
Distress :Mean value of the
mental stress period, ii
Gradient Eustress:Maximum negative
gradient after the mental
stress period, ii
Distress :Maximum positive
gradient during the

mental stress period, iv

K2 HRE6RODERT X5 —EFEMEANER

Subject Absolute value[kU/L] Gradient [kU/(L * min.)] Inquiry
Eustress Distress Eustress Distress *
A 34.8 39.1 -1.15 3.56 C
B 42.2 51.7 -2.43 1.17 C
C 95.2 254.7 -64.88 70.94 ucC
D 223.6 296.0 -44.00 27.04 ucC
E 205.4 217.9 -16.29 15.42 C
F 10.6 15.3 -0.66 1.71 C
Mean 120.2 171.8 -25.8 23.6
+S.D. +79.9 +106.2 +24.9 +25.4

*C:comfortable, UC:uncomfortable
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EI HbYIC e
B ERNRLUT MR 2T —BIEEE R HI AN UADMHBZ FZERIC KO KGE LTz, Z DRSS,

(5]

M 7 2T — B ANLAFHIi Oz DE e~ —1—WE TH 5 DRI Nz, MK T T —8
Ild. AL AARISR UT IR OB BIS S N iz, Fiz, Yo, AROA LA i LT
W7 25— LIEEOR AR IFAICK IR T 2 BIR Bl Sz eh b, ADZ b/ S 2 — G H
LICRHIEDN AR TH 5 T EARENTz, BT, MR T T — LiE P & MERERE 2 > 87 2[Rl E 9
BT LIS TMER IR B OB RH LIz TA, ARLAIGEK TS ZF VYA b= A EH>T
W 7 25— LI EA T BT DRI N,

PEE B OHMR L UT, FHAEFPANBIRD S 2 OB ELY S 2l > 7o v < MEFRE Bl > 2 —
FiEOBHTIAME HIcHEELT S,
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Numerical Analysis of the Scavenging Flow in Swimming Pool Filtration

Her & Hiroshi Tanaka
O REIFE C. A7TKMHARE NTU—Y—XG

Abstract

Using two different types of flow analysis codes, SCRYU/Tetra and AVL/FIRE, we conducted
analysis to estimate the distance to which input flow of filtration water in a competition swimming
pool would reach, estimates of the filtration scavenging flow patterns using a simple model,
analysis of the effects of different filtration input and drain locations and a filtration analysis
based on 1/3 section model. As a result of these numerical analyses we found the originally
planned distribution of numerous input and drain mouths in the walls along the long sides of the
pool would result only in circulation in the areas near hose walls and not accomplish effective
filtration of the pool as a whole. It was also found that there was a dramatic improvement in
filtration-related water scavenging (circulation) performance to when the input and drain mouths
were placed at larger intervals while maintaining the same overall pumping capacity.

Bases on the result of these analyses, we changed the positioning of the input and drain
mouths. When the pool was completed, it was found that the resulting filtration system performed

its desired effect and the water of the pool achieved an unprecedented level of water purity.

%E

A T DB FHAEU AN I— R, SCRYU/Tetra 35K T AVL/FIRE Z W, 5tk 7—)UAa /KR
DFERHE T, 7T T X BEERN T FHUKCIBLEZE EORERAT, 1/3 K€ TV O
etz 92 Lice TS OBURMTIC KD DU BOFK O ETUKI7% 7=V RIS Tl
AiE 2 S HIEHI Tl RIUBEmDEFETIES TIRERDERENTL RV, TV 2RO LIZ R T
EIRNTED I oTe, Rt Ry TRENZ MR LIe L TR EHUKODR 2 KEL 5L, #
LICBID ZKEHROEAEICBIE TR D H 5 T RSN,

NS DRNTHERZIE X, MK EBUKCIORENZ B ENT, SE LTk 7 —L Tla b
EDARDEREZFEFT BT ENTE, BTV L NIVOTEHFEDER T E T,
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ZI (FUIC B
D 5P 2% AR—Y Thidkkin) LOTDICRIAT Ta—F &AL TabN B KDITRD, Hiikic
BOTEKPWUSRZTEH U2 7 4 —LWGE DR G  L —= VIR B> TV 5, —/5. AV
VB I DRI R RS TlERa € EFM LMD — AL U R85 78| OWHG 2 K8 % EERH
HESTWVS, T4 =)V L IV R L THATZ ESEE L& IKPH AT THIKD Z—> 2 —
RO T LIS 52 L5 TS0 RIDFHICE Tz,

Y NFEFBEIR A2 TE LTz 2001 A HFUKGKGETHER S (7TH - f@iD i3 Ni7—L T, Blade
IR OIERICHE A TIEZ R B 1= DICBUK %S 2 7 —)VEICRLE § 5 2 M TE T, D7z D
IKEHUIEE DS DREUKIC Ko TIBR NSRS 5 2155 h o Tz, FHT T =)V Tldie
HBIWVECTHE LR F L R0 | BIHEME R U TR ERZISIBmDN TR ED D o7z Mk KT
R TORMETH 5707 —)ViE THRUIBDIREINTED, & THZEOSUEIEFEHE L TERVDT,
CFD GIAIRMA 1. TAEUAEIAT) I K5 TR D W TR RO ARG 2 I i L7z,

ZI ¥RIKE R D EE Bk e

TNV OH L ZMET T 5 L&, £THIKOANSNT 2NN E L TRET EDICBOHD -T2,
BE O SEpEFR AR N DM E Hd AHRETRICEA LTI H.Schlichting OFE 1) IZEdibAH 0,
ZOMENET N2 S IUTH/KICES T Z2HEE LTz,

MR 72 e U BEmROWE I HLOIC I, R IR > T x i, S 7))Vl y iize s L Hul
T x I EBd %, Hitidih 2 Ol 5 i COHULLED 1/2 IZHELWS O 7))Vl z2 o
MHB &EFKTSE, Bl xBTS,

RO E DI E UTHANT RS 72 b Ol BN K[m'/s*] ZEAT S L, HED x K57 u &

u=(3/8n) (K/ex) (1+n°/4)* (1)

n=(1/4) v 3/ n)(v/ K/ &)(y/x) 2)
y=B T& (1+n°/4)*=1/2 ZhHn =1.287;

B=nx/{(1/4) v (3/n) (/ K/ &)} =5.268x/(/ K/ &) ®)
H.Reichardt ®FZHIC KU,

B = 0.0848x (4)
WZIC,

e/ K=0.01610 (5)

n=15.17(y/x) (6)
LA O R 90m®/h DHH 1/3 % ¢80 DHKIINBIEAT % & &, IS 1.66m/s £ LT

K=2n J (uuy)dy = 0.01385 (7)
hzfRALT

u=0.8725(1/x) (1+n?/4)* 8)

HERETIVICKBEFROME T 07 —)L2ii<Tzdic . K (6) 22X (8) IARA L. AR LT P 2155,
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{ 1+(15.17%/4) (y/x) 2* = (0.8725/u)(1/x),x > 0 (9)

5753 y" = {/ (0.8725/ux)-1} x° (10)
R u OFGEHEE X &, X (8)Icy =n =0E2RALTHES,

X =0.8725/u (11)

HE 90m*/h DR T 7% 12 Efid|liz LT —

)V (50m X 25m X 3m) M/ mic—k&iiNz D
) o e g x= 050 | 1.00 | 2.00 | 4.00 | 625 | 12550 | 25.00
B EGELT L &, T—)VtHTEI N O T y=0.00 |(1.746)| 0.873 | 0.437 | 0.218 | 0.140 | 0.070 | 0.035
0.002m/s 1@ EHWV, THISH LT, HEHERO 0.25 |0.007 [ 0041 |0.121 | 0.146 | 0.117 | 0.067 | 0.035
FIEAIC FAUE K1 25m OREETE 0.03m/s 0.50 | 0.001 |0.004|0.021 | 0.061 | 0.075 | 0.059 | 0.033
k . ] A 1.00 | 0.000 | 0.000 | 0.002 | 0.010 | 0.023 | 0.037 | 0.029
PLEOHLEIE R LT, oA BE 2 H 2.00 | 0.000 |0.000 | 0.000 | 0.001 | 0.003 | 0.011 | 0.019
FTAHEHEESNAR1ISHE G, R2ISH HE 3.00 | 0.000 | 0.000 | 0.000 | 0.000 | 0.001 | 0.004 | 0.010

DOFER A2 R, £2 WEAROIEER

®1 RRDOD

FgEulml| 08 0.4 0.2 0.1 0.05
BEiER x[m]| 0.828 | 1.657 | 3.313 | 6.626 | 13.252

ZI SCRYU/Tetra [C&%HAERFE cmesssssss—
3.1 SCRYU/Tetra €5/l

SCRYU/Tetra (LK SC/T &W&d) (& 4 HifAfRHT

! — —u=0.10
R R RE R X, 2D/ —RicHidiny  E ozf —5%
OYIREERT S, /—KEMEAY ba—LR 2 N RN
Y a— LA FRARSEZ 8 L, Win-NT _|-CHig ° 1 gm;@% ® o xim
(2 E OIS E R IR 2 AT TR DM E%
FfoTW\W5,

H AN T, MK OO HF 2 T A Vi Z L b, $KEER DS O BRI
Neumann & (BRI OWNAV T, FADEDOPRLRICEN RO E W E) i % T & A EART
TH5H. SC/T Tld Neumann SEDERE TEIRW, 2T T 5m X 3m DOBEDHIYL T —)UFA7K IAHY
ORI L ZFE, BEN S 12.5m T TOMIK CHEEZ I BEBR RS Ul a (K, _press TX
ll) & WRREESRSRAT (=1 DRE, _restr) & LTSI DWTRUAMNTZ 1T LT,

fENTRE R KA LT e TA MR S Gl (BERSREE UTASI L) ORI 6EITH 57z, SC/T
TEHONFMHEZ OB R K (EAEE 470 TR BXOCEESROMERMRIILL FOX 3k
% (B1),

K = 0.007988 (12)
u=0.6626 (1/x) (1+n°/4)* (13)
{1+(15.17%/4) (y/x) ?Y = (0.6626/u)(1/x) , x>0 (14)
5753 y" = {/ (06626/ux) - 1} x* (15)
X = 0.6626/u (16)

=~
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FHEAS 7O, MO Z ZTWim 2R 2 1R Y, A
(& X T4k THERK L. 228003 1,328,041
T%%, PC (Pen Il -633MHz) % JH\>, SC/T D
ST (INAHCHIEGR 72 1.0X 10" F2 XK EFHA
200 [ THYID) TEFE M LI R Z2 5
FMHTDOVTHE3 (@) . MFREEFR SIS DVTES
(b) 1TRT,

MR (B &g LT WBiAREME S,
0.1m/s X TOUE TEELER#Z X<HBELTY
0, EIHEER OB G, HHEERE4Am 25 E
12005, FTNFRRAR DL AICIEF 6 m 258
TSGA0 DS, ESMICEL NN RSN S,

3.2 BITAIRLERRHGOEE

ME R 2 Tl & U722 2% 1 O TE I 2 & 2
Wi i x Z2@iEd 2 E, BRXTZ0W N5
HEEINSDNEH S DH A (GHTT: entrainment)
ZEmd 5, Wriiim QEX (8) Zr=0 151 X
TR LTIRS,

Q =S10.6626(1/x) {1+ 57.53(r/x)*}* (2 r dr)]

(17)
= 0.6626(1/x) 1 S [{1+57.53(1/x")r*}*
(2r dr)]
Q = (0.6626nr*)x/ (x*+57.531°)

Numerical Analysis of the Scavenging Flow in Swimming Pool Filtration

< 12.5m

2 FRITBT
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