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Two-stroke cycle internal combustion engines
(2-cycle engines) dominate current outboard motor
market because of their advantages in compact size,
light weight and simple construction. The Yamaha
outboard lineup is made up mostly of 2-stroke
models except for a few small models using 4-cycle
engines. High speed large size 2-cycle engines, with
large displacements present particularly difficult
technical problems in preventing piston seizure. In-
creasing demand for higher output power and im-
proved fuel economy results in additional thermal
loads on the piston and piston rings. Scuffing on the
piston rings is closely related to piston seizure. Com-
posite electroplating of nickelbased film on the piston
ring surface improves its scuff resistance, enabling
it to withstand higher frictional forces. The period
of time in use of the piston before the occurrence
of scuffing was doubled by such plating. The plat-
ing thickness was optimized through rig tests (on a
test-bed) and actual engine tests to deal with possi-
ble peeling of the nickel-based plating applied to the
2-cycle engines with cylinders having ports. This
paper outlines the technical features and effects of
nickel-based plating applied to the piston rings of
2-cycle engines for the first time in the world.
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Abstract

We have developed a method for obtaining a
quantitative and visual picture of the ‘‘Driver’s Feel-
ing’’ of the motorcycle. The ‘‘Driver’s Feeling’’ may
be defined as referring to that area ‘‘ +alpha’’ of the
‘“‘numerical performance + alpha’’ - that is, the area
of that ‘riding flavor’’ that defies a numerical
presentation.

The newly developed method consists of the
‘“‘evaluation’’ term selection process’’ and ‘‘quan-
tification process’’, the former allowing a selection
of a proper evaluation term according to the con-
cept of “‘riding”” and the latter providing a quantita-
tive and visual presentation of the ‘‘Driver’s Feeling”’
while compensating the differences of individual
riders.

The “‘Driver’s Feeling’’ in the case of XJR400 is
thus based on this method. The first approach was
to quantify the ‘‘riding pleasure’’ as required by the
rider by means of a questionnaire to establish the
development target. The next step taken as a conse-
quence of this was to quantify the ‘‘riding charac-
teristics’’ of each trial production machine, whose
results were studied and incorporated into produc-
tion. Our efforts in this direction have proved to turn
out the ““Driver’s Feeling”’ that almost met the origi-
nal target, highly reputed by riders of motorcycle
devoted magazines.

This particular method is intended to visualize a
phenomenon of human “‘sensitivity’’ that has been
ambiguous and complicated. We believe that it will
help a great deal toward the development of a new
product.
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1992 ARK IN EUROPE

Areas of circles are proportional to
the total size of the market

éi (SCOOTER + MOPED)

IRELAND UNITED
Est. 3000 UNI KINGDOM SWEDEN
9 000 UNITS 12500 UNITS
DENMARK

HOLLAND
54 818 UNITS

BELGIUM
33 459 UNITS

S SWITZERLAND

PORTUGAL 12 850 UNITS

62 500 UNITS

GREECE
Estimated : 50 000 UNITS
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Total height
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Rear Unit swing D e R
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0 13 5 8 52
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Front trunk Front trunk
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TT 600 (S) '93
FEATURE MAP

ENGINE
Engine Type

Displacement

Bore x stroke
Compression ratio
Maximum horse power
Maximum torque

Starting system
Lubrication

0il capacity

Primary reduction ratio
Secondary reduction ratio
Transmission type

Gear ratio lst

Gear ratio 2nd

Gear ratio 3rd

Gear ratio 4th

Gear ratio S5th

Final transmission
Ignition system
Generator system

CHASSIS

Overall length
Overall width
Overall height
Seat height
Wheelbase

Minimum ground clearance
Dry weight

Trail

Fuel tank capacity
Front suspension
Rear suspension
Front wheel travel
Rear wheel travel
Front tyre

Rear tyre

Front brake
Rear brake

X5

BT B %l

4-stroke, single cylinder, SOHC,
air-cooled, 4 valve

595cc

95 x 84mm

g.5:1

43 PS @ 7,500 rpm
5.2 kg-m @ 5,000 rpm
kick

dry sump

2.8 Litres
74/31 (2,387)
44/15 (2,933)
constant mesh,
31712 (2,%583)
27/17 (1,588)
24/20 (1,200)
21/22 (0,954)
19/24 (0,792)
chain

c.D.I.

ALC. 12V

5-speed

2,250 mm

840 mm

1,230 mm

935 mm

1,485 mm

300 mm

135 kg.

121 mm

12 litres (2 reserve)

upside down frontforks, 43 diameter
Deltabox aluminum Swingingarm
310 mm

270 mm

90/90-21 Pirelli MT 21 Michelin T63
140/80-18 Pirelli MT21

130/80-18 Michelin T63

single disc 267mm diameter
single disc 220mm diameter

fEHRFE T

EA EQUIPEMENT: 12V

FUEL TANK,

NYLON MATERIAL
(CAPACITY 12 LT)

RR. BRAKE DISK
@220

E/G PROTECTOR
(ALUMINIUM MATERIAL)

RR. ARM (ALUMINIUM SWING
ARM DELTA BOX)

EXHAUST PIPE
(WITH SPECIFIC
SURFACE
FINISHING)

X 4

RIM (ALUMINIUM MATERIAL)

TT600 74 —Fv+—=v7

FR. FORK UPSIDE DOWN
(SAME AS YZ 250 '93)

NEW BRAKE DISI
D267

‘.,43__
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