Engines : The evolution continues...
Texte Michel Garneau

As promised in our September issue, this month we will be taking an in-depth
look into the two remaining significant engine developments of 2005: Yamaha’s
new four-stroke Genesis 120 and Ski-Doo’s 2-TEC 1000 cc two-stroke. In the
case of the Yamaha, this new engine should convince even the most fervent and
unrepentant two-stroke aficionado that four-strokes have their rightful place
in the snowmobile industry. Light, powerful, and economical, the 120 marks
the latest evolution in Yamaha’s commitment to four-stroke power as its
engine type of choice.

Yamaha Genesis 120
Humble beginnings

Yamaha’s new Genesis 120 engine continues the Japanese
builder’s migration away from two-strokes as its preferred
engine type for its snowmobile line. In introducing this new
engine, Yamaha engineers have made it clear that moving
their line-up to four-stroke power is their response to the
EPA’s forthcoming 2006 exhaust emissions standards. Their
latest creation utilizes a displacement of 973cc to obtain the
desired 120 hp output, making it competitive with 600-class
two-strokes. The resulting conservative specific output of
j ust over 120 hp per L should ens u re that the Japanese
manufacturer delive rs on its pro m ise to deliver a friendly
engine possessing excellent fuel consumption, and a broad
and flat torque curve. This relatively mild state of tune should
also deliver exemplary durability.
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Yamaha is one of the largest engine manufacturing
companies in the world with well-established expertise both
in two and four-stroke applications. Perhaps better known
until recently in the snowmobile world for their mastery of
two-stroke power, they are equally known elsewhere in the
world for their tremendous innovation in the four-stroke
realm. One example of this would be their revolutionary R1
and R6 sportbike engines. Another would have to be their
u n i ve rsally acclaimed FJR1300 sport-touring motorc yc l e
(photo 1). On the market for a few short years now, the FJR
has established itself as a class-leading sport-tourer thanks
in large part to its impressively strong and reliable engine.
In fact, it has drawn rave reviews from the media and owners
on both sides of the Atlantic. What does this have to do with
snowmobiles you ask? Well, it just so happens that the new
Genesis 120 engine shares its bore and stroke dimensions, as
well as its four-va l ve head configuration with the FJR.
Coincidence? Hardly. The similarities don’t end there ,
however. Both engines possess a balancing system (single
balancer in the snowmobile ve rs us dual balancers in the
motorcycle) aimed at reducing intrusive engine vibration. So,
you see, the new Genesis 120 engine comes from a very good
and renowned blood-line.

4 to 3
So Yamaha merely lobbed off a cylinder and made a
snowmobile engine out of the FJR mill? Not quite. There
are some crucial differences and we will now explore how
the basic and proven arc h i t e c t u re of the FJR engine was
adapted to a snowmobile application. To begin with, one
cannot simply remove one cylinder, say “presto” and have a
new engine. A four-cylinder engine has what is referred to
as a 180 degree crankshaft spacing. This means that the two

outboard and two inboard cylinders are matched up and timed
to rotate at a half-turn interval from each other (photo 2). This
design ensures what is referred to as perfect primary balance. In
other words, the rising and falling of the piston pairs counteract
each other resulting in smooth engine operation. Simply lobbing
off a cylinder from a four-cylinder engine would severely alter
this delicate balance. Maintaining primary balance in a threecylinder engine requires the creation of a new crankshaft custom
built for the application. The resulting piece uses 120 degree
intervals identical to those used in three-cylinder two-strokes
such as the SXViper Mountain. This means that each piston is
fastened to the crankshaft at a 120 degree (1/3 of a turn) interval
from its adjacent pis t o ns. (photo 3) Voilà, instant primary
balance. In the Genesis 120, this new crankshaft is forged for
greater strength and durability. Standard-fare plain (ie. nonroller or friction type) crank bearings are used and work with the
pressure supplied by the trapezoidal oil pump (photo 4) to ensure
reliable, low-friction operation. The pump, chain driven by the
crankshaft on the magneto side, draws its feed from the 2.9L
capacity dry sump reservoir. As is the case with the RX-1, the
dry sump design was chosen in order to reduce engine height
and permit a lower engine mounting position in the chassis. It
a lso increases engine power (reduced internal friction) and
reduces cold-start cranking effort. To further enhance reliability,
particularly in instances of severe use, Yamaha chose to cool the
engine oil with the engine coolant for stable oil opera t i n g
temperature. Yamaha recommends the use of 0/30 weight semisynthetic (Yamalube) oil.
Moving up from the crankshaft, we find the new engine has a
bore and stroke of 79 by 66.2 mm for a bore to stroke ratio of
1.193:1. While Yamaha refers to this as a “long-stroke” design
in its literature this label is a bit misleading. Compared to the
sportier RX-1 engine (74 by 58 mm for a ratio of 1.275) it is
relatively long-stroke but in the great scheme of things it can
still be looked upon as a short-stroke design. For illustration
purposes, Harley-Davidson motorc ycle engines typically have
b o re to stroke ratios of less than 1 whereas modern highperformance sportbike practice dictates ratios in the area of 1.5.
For Formula 1 auto racing fans in our readership, modern F1
engines run at ratios in excess of 2:1. As we said, it is all relative.
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So what is all the fuss about this anyhow? Unlike two-strokes,
big-bore short-stroke dimensions are used in four-strokes as a
means of generating higher engine revolutions and hence high
horsepower. To visualize this, remember that the formula for
horsepower is:
Hp= (torque x rpm)/ 5252
photo 4
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It stands to reason that if torque remains constant one can raise
the rpm and thus generate more horsepower. This helps to shed
light on Formula 1 engines with their 900 hp and 19,000 rpm
re d l i n e s. Long-stroke engines, on the other hand, tend to
generate greater torque but are limited by metallurgical factors
and reliability considerations to lower operating rpm. In the case
of the Genesis 120 engine, Yamaha set a relatively conservative
(for a high-performance four-stroke) revolution ceiling of 8600
rpm and so the bore and stroke figures reflect this fact. Limiting
the operating rpm of the engine also allowed Yamaha engineers
to mount the clutch directly to the crankshaft unlike the RX-1
which uses a gear reduction system. This makes for a lighter
and more efficient transfer of power.
photo 5
Further up from the crankshaft, the engine makes use of forged
lightweight low friction slipper-type pistons (photo 5) running
in aluminium electroplated ceramic composite cylinders for
lighter weight, better heat transfer and improved durability. The
120 also features a one-piece upper-case and cylinder block
design (photo 6) for lighter weight and increased rigidity.
Evidently enough, it also offers enhanced reliability by doing
away with the potentially troublesome base gasket.
Moving up further yet, we find that Yamaha fit the Genesis 120
with 4 valve heads (photo 7), unlike the RX-1 which uses their
patented 5 valve arrangement. Why the change? The engineers
at Yamaha claim that the lower rpm ceiling of the new engine
means that it would not benefit from the increased flow made
possible by using the odd numbered set-up. It is worth noting,
h o w e ve r, that four-va l ve set-ups are standard fare in highperformance applications including Formula 1 car engines so
Vector owners should not feel cheated by this substitution.
B e s i d e s, manufacturing costs are lower with fewer va l ves
and this surely helped Yamaha meet its pricing targets for
the new sleds.

photo 6

C o ns e r va t i ve va l ve sizes and re l a t i vely small ports further
contribute to excellent cylinder filling and emptying. The valves
are set at a narrow included angle (photo 8) which makes for a
compact combustion chamber and allows the use of a centrally
located spark plug. This proven design is conducive to good
flame propagation, efficient combustion and high torq u e
numbers. That and the 11.8 to 1 compression ratio combine to
allow the use of 87 octane fuel. Valves are operated by standard
fare dual overhead camshafts (DOHC) driven from the magneto
side of the engine and acting on the valves by way of replaceable
sh i ms. This system, while expens i ve to maintain in that it
necessitates the removal of the cams for valve adjustments, has
also proven incredibly reliable and wear-resistant, as evidenced
by Ya m a h a ’s recommended 40,000 km maintenance interval.
C o ns e r va t i ve camshaft timing dictated by the reduced rpm
ceiling also helps contribute to this reduced maintenance
requirement in addition to ensuring torquey power delivery, and
clean and economical operation. The end result of all this is a
claimed 35% improvement in fuel economy compared with the
Viper it replaces. Pretty impressive numbers!
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On the intake side, carburetion chores are handled by liquid heated
Keihin CVK40 cons t a n t - velocity units equipped with a TPS
(photo 9). Avid Yamaha enthusiasts will note that these carburetors
have larger venturis (3mm) than those used on the RX-1. Exhaust
gases, meanwhile, exit through a 3-1-2 steel exhaust system with
two outlets at the back of the sled, à la RX-1. This configuration
was selected as tests proved that it offered the best ove ra l l
combination of power, weight and cost. Ignition duties are handled
by a digital TCI system which uses input from the TPS to help
determine its timing curve. This should result in quick throttle
response and long spark plug life. Like the RX-1, the Genesis 120
engine also makes use of individual spark plug cap coils, (photo
10) an arrangement that is now the norm in high-performance
motorcycle applications. The advantage of this set-up is a stronger
spark due to reduced electrical loss (high-voltage electrical surge
only has to travel the length of the spark plug tunnel) and the
ability to fire each spark plug individually (as opposed to multiple
plugs being fired from one coil). Finally, it helps to eliminate
expensive and delicate high-tension spark plug leads.
To ensure smooth engine operation across the entire operating
range Yamaha elected to install a balancer shaft on the engine to
rid it of secondary vibration, or the high-frequency buzz that one
typically feels through the handlebars. The shaft, mounted on
the front of the engine (carburetor side) and gear driven directly
off magneto side of the crankshaft in a (photo 11) 1 to 1 ratio,
turns in roller bearings and extends across the engine. It is also
used to drive the water pump located on the PTO side with a
weight-saving plastic gear. (photo 12) Weight-saving measures
further extend to the use of magnesium for the oil pump, valve
and crankcase covers. Finally, starting chores are handled by a
standard electric starter mounted on the magneto side of the
engine. Like your automobile and other four-strokes currently
on the market there is no provision for pull-starting although
the proven reliability of the components used means that this
should not pose a serious problem to owners.
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The result
So how does this collection of parts come together? Quite well
actually. Dimensionally-speaking, the final result is substantially
narrower and 10 kg lighter than the RX-1’s Genesis Extreme mill.
The position of this weight reduction directly over the front of
the sled should yield substantial benefits in handling.
Performance-wise, a close look at the claimed peak horsepower
(8600) and torque (7000) rpm figures indicates that this engine
possesses an extremely broad torque band. To illustrate, notice
how wide the spread between the torque and horsepower peaks
is (1600 rpm) compared to the typical spread for a two-stroke
(200-400 rpm) and you begin to see how this engine exhibits
the more typical four-stroke flat and linear torque curve. Using
our HP formula, we see that the Genesis engine is still generating
73.3 ft-lbs of torque at 8600 rpm! This means that this engine
should be extremely user friendly and easy to clutch. Fours t rokes do offer certain benefits fellow snowmobilers and
Yamaha seems determined to exploit them all. In the end, we
all benefit. Isn’t competition great?

photo 11

photo 12
Novembre 2004

77

