Rotax 2-TEC 1000

By Michel Garneau

g e n e ration engines to build a better, more efficient and
refined powerplant free of the compromises present in past
designs. This clarity of purpose is evident in all aspects of
the engine’s basic architecture and final execution. It is an
impressive piece of engineering.

Make it last

The heritage and the mission
In choosing to re - i n t roduce the Mach Z name in 2005,
Bombardier assigned their engineers a very specific task: build
the most powerful production snowmobile engine that you
have ever built, one that will allow us to regain supremacy in
the performance wars. Oh ye s, and make it a twin, a cleanburning, efficient, reliable, smooth and trail-friendly engine
that will fit into a REV-derived chassis. Meeting the power
goals set out by management meant that the engine had to
be big. How big? How about 1000cc! Building a twin this
big does bring with it special concerns, however, such as
cooling and quelling the vibration of those big pis t o ns.
Something totally new would have to be designed and this
meant that engineers would be tasked with boldly venturing
where no pre v i o us snowmobile engine manufacturer had
gone before. Fortunately for Ski-Doo, Rotax, the Aus t r i a n
engine building arm of Bombardier Recreational Pro d u c t s, is
no stranger to innovation with its most recent coup de grace
being the introduction of the first clean-technology twostroke engine with the debut of the 800 SDI (or 2-TEC) in the
2003 Legend and Grand Touring models.
Marketing and bragging rights aside, the 2006 production
year marks the beginning of the new EPA exhaust emissions
regulations. In order to ensure that the engine was not a oneyear sensation it had to at least meet these new standards.
Fortunately, the 2-TEC technology could be called upon to
do the job. Unlike previous engines utilizing this technology
which were adapted from existing designs, the big-bore twin,
known officially as the Type 995, is the first engine designed
from the ground up to use the SDI system. As you will see
upon reading through the technical features of the engine,
the engineers made effective use of this clean-sheet approach
by using the experience and know-how gained in previous
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As numerous Formula 1 engine manufacturers have learned
much to their chagrin, one must first design reliability into
a powerplant before moving onto the quest for horsepower.
As such, building an engine capable of class-leading power
in a reliable package re q u i res a ro b ust and well laid-out
foundation. The new Rotax 1000cc engine is nothing if not
robust. Engineers started with a massive case and monoblock
design to increase rigidity and make the new engine less
prone to stress-related failure. The design and construction
of the crankshaft also benefited from a great deal of thought.
To begin with, all of the bearings found on this robust shaft
a re uniform in size and type. As has become standard
practice for Ski-Doo in recent years, the PTO and magneto
bearings are both sealed in Isoflex grease for cons istent
lubrication and better longevity. A novel addition to help
facilitate maintenance chores is the use of a replaceable seal
on the PTO side. This seal is held in place by a circlip
(photo 1) and can be easily removed and replaced without
splitting the engine cases in the event of damage. This fact
alone should make many people happy. Buyers ordering their
M a c hs with the optional electric start feature will find a
special new and lightweight ring gear in place of the more
universal heavier version. This was done to reduce rotating
mass, a critical factor in determining engine response.
Still in the area of the crankshaft, it is common knowledge
that vibration is the enemy of re l i a b i l i t y. Components
exposed to continuously elevated leve ls of vibration will
inevitably surrender to metal fatigue and fail. This cold hard
fact is an especially serious consideration in designing an
engine with huge 88mm pistons travelling through a long
82mm stroke. Rotax engineers set about addressing this
potentially troublesome issue with an ingeniously simple and
light dual balancer system consisting of two individual gears
positioned in close proximity to the ends of the crankshaft.
Light weight, the static kind, is a wonderful marketing tool
on the specs page but even more important is the reduction
of rotating mass as stated above. The chosen design removes
the need for a full-length shaft and, as an added benefit,
a d d resses the troublesome issue of “rocking couple”
vibration, the side to side rocking present in all engines (but
particularly so in a big parallel twin) that is created from the
pistons falling and rising opposite one another. The system,
then, cons ists of two helical gears (for quieter operation)
d r i ven directly off the cra n kshaft (photo 2). What makes
these gears special is that they are essentially horizontally

split over half of their width resulting in a heavy and light half
(photo 3). Timing this gear correctly and at a 1 to 1 ratio could,
and indeed does, cause it to act as a counterbalance to the piston
(where the piston is essentially the heavy half of the crankshaft).
For example, when the piston is at TDC, the heavy portion of the
gear is at the bottom of its rotation thereby counteracting the
piston’s position. The opposite is also true when the piston is at
BDC. In other words, the counterbalancers make the engine’s
re c i p rocating components (pis t o ns, connecting ro d s, …) act
balanced by adding a specific imbalance to counteract them.
Now let us to go back briefly to our rocking couple vibration.
Visualize if you will an imaginary vertical line between the two
engine halves (one piston per side). Now, given that the vibratory
tendencies of each piston on either side of that line is being
reduced by the effect of the gears, this means that each engine
half’s contribution to rocking is now also reduced. Less rocking,
less rocking couple vibration, it’s that simple. As a final note,
although not a reliability issue per se, engineers chose to locate
the mounts directly through the engine’s center of gra v i t y
resulting in additional vibration reduction to the rider. The fact
that adopting this mounting position also reduced the sl e d ’s
center of gravity is an added bonus.
With vibration being controlled, engineers then moved on to
another critical engine element, the cooling system. They knew
that generating the power demanded by the marketing
department meant producing tremendous amounts of heat and
so they set about examining every component with an eye to
cooling efficiency. This led them to the decision to use cast
pistons with dual semi-trapeze rings (photo 4). Unlike standard
Series 3 engine single ring pistons, this dual-ring arrangement is
said to be more efficient at transferring heat from the piston to
the cylinder, an important consideration in an engine making
this much power and heat. The pistons are also molycoated for
better lubrication and seizure-resistance. These ride in nicasilplated aluminium cylinders which offer the benefits of lighter
weight, longer wear life, and perhaps more importantly, greater
efficiency at transferring heat. Ski-Doo engineers then decided
to use a new higher flow coolant pump (photo 5) rated at
100L/minute (versus 70L/minute in Series 3 engines) to help get
t h is heat away from the cylinders. They then designed new
removable combustion chambers domes with ribs (photo 6) for
better heat evacuation (greatly increased surface area). These in
turn decrease the presence of detonation inducing “hot spots”.
A compression ratio of 12:1 was selected for the engine.
The SDI system and its particular properties dictated certain
specific aspects of the design of the coolant system. In a standard
engine, fuel entering the engine base helps to cool everything
down. In a SDI engine, however, there is no fuel (air only)
entering the base to perform this duty so engineers had to
address this issue. They did so by casting coolant passages in
the base of the engine and in the process producing the industry’s
first liquid-cooled snowmobile engine crankcase (photo 7). In
fact, coolant flow analyzes resulted in the flow beginning at the
extreme bottom of the case and then moving upwards to the
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cylinders and heads. This helps to create the consistent operating
temperatures essential to stable and reliable operation. It also
helps to maintain the density of the entering air for better power
production (cooler air=denser air= more horsepower). Engineers
also elected to do away with the thermostat citing that it
restricted flow. Other factors contributing to this decision
included the large bore’s reduced vulnerability to the effects of
thermal shock and the effectiveness of the engine’s management
system (which uses coolant temperature as one of its variables)
which, it was felt, made the thermostat redundant.

Make it fast…and clean
Now that we know how Ski-Doo designed their new engine to
be reliable you probably want to know now how they made it
powerful. Well, read on. To begin with, they chose to follow
the basic architecture of their latest engines, that is, to use a
piston-reed design with a traditional orientation (in other words,
the intake facing the driver and the exhaust facing away from
him or her). This design has proven itself capable of generating
the levels of power demanded in the snowmobiling arena. Just
as importantly, it also allows chassis engineers to mount the
engine lower in the frame than would otherwise be possible with
a conventional case-reed design. Similar in basic execution to
the Series 3 engines, the Type 995 engine allows the air to enter
the case (and cylinder) through a port in the cylinder. The air is
then pulled up into the cylinders through the transfer ports. We
a re told that the monoblock design of this engine provides
additional room for transfer ports which allows the engine to
breathe more efficiently and make more power. Still on the intake
side, Ski-Doo elected to use the same two-piece wedge shaped
(V-Force type) reeds used in the 800 HO engine (photo 8). The
advantages of this design over more conventional ones include
greater reed petal surface area for better flow. Also, the presence
of 4 reed petals instead of two makes the system more sensitive
to intake signals as small changes in vacuum cause them to open
and immediately flow more air, resulting in better thro t t l e
response. Up-line from the reeds you will find large liquid-heated
52mm Dell’Orto throttle bodies (photo 9). These are mounted in
a downdraft position, a concession to the engine’s 10 degree rear
incline mounting position (compared to 6 degrees forward for
the 800 HO in REV platform). A TPS allows the throttle position
to be monitored by the engine’s electronic control module (ECM).
Further up-line yet you will find the engine drawing air from a
mammoth 20L capacity air box. Designed to ensure that the big
engine never starves for air, the 2 piece design comes with a quick
removal feature that permits the main section to be removed by
simply sliding it off the throttle body housings using a drawerlike design. Re-installation is also a snap.
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Once the air is in the engine, it obviously requires fuel and this
is where the latest generation SDI system comes into play (photo
10). First of all, the Mach uses a new fuel pump system designed
to prevent fuel starvation problems that existed under certain
conditions in past SDI applications. Unlike the previous dual
pickup design, the new fuel pick-up system has a sub-chamber
located directly in the fuel tank. Fuel is stored in this chamber
and drawn directly by the pump. This ens u res that there is
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constant and reliable fuel supply to the engine re g a rdless of
riding conditions, slopes,… This design will be used on all 2005
SDI models. One picked up by the pump, the fuel is pressurized
to 60 psi and fed to the Siemens 4 hole “conical spray” injectors.
As in other SDI applications, there are two injectors per cylinder
and these are located at the top of the transfer ports. They inject
fuel into the cylinder just before the piston closes the ports
thereby reducing the escape of raw fuel into the exhaust making
the engine extremely clean and allowing it to pass 2006 EPA
regulations. The outer injectors are identical to those used in
the 600 HO SDI engine and are used during low-rpm operation.
At high rpm or in high-load situations (as determined by the
engine’s ECM), the inner injectors begin to work to ensure that
the fuel requirements are met.
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Bits and pieces
Advanced engine electronics have made SDI and numerous other
engine advancements possible. In the case of the Type 995
engine, the 16 bit ECM processor (photo 11) ove rsees all
functions relating to the working of the injectors, operation of
the eRAVE valves and the firing of the spark plugs. It is worth
noting that each spark plug is fired individually. The ECM
monitors various engine parameters including throttle position
(TPS), engine temperature, crankshaft position, air temperature,
atmospheric pressure and the knock sensor. It processes all of
these variables and signals action according to pre-programmed
mappings that have been calculated by engineers to optimize the
efficiency, cleanliness and power of the engine. To help illustrate
how all of these elements interact, we are told that Ski-Doo
recommends using premium grade fuel in the Mach, meaning
that the computer has been pro g rammed to provide optimal
engine operation with this grade of fuel. In the event that the
owner fills up with regular 87 octane gasoline, the computer goes
to work to protect the engine. In the first instance, detonation
will be detected by the knock sensor (photo 12). This message
will be sent to the ECM and corrective action will be taken in the
form of reduced ignition timing or increased fuel quantity or
both until the detonation disa p p e a rs. The computer will
continuously monitor the situation and if the corrective settings
last for more than a pre-determined amount of time, the
computer will automatically move to a different set of fuel and
ignition maps. In the end, the engine would lose a slight amount
of power in this scenario but more importantly, it would not selfdestruct. As in years past, the ECM also comes with a preprogrammed break-in program which feeds the engine additional
fuel and withholds some ignition advance (on a decreasing basis)
for the first three hours of operation.
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Innovations galore
As we have stated previously, the ECM manages the opening and
closing of the engine’s variable height exhaust valves, or eRAVE.
Unlike previous applications which used a source of air pressure
(either exhaust gas pressure in the standard RAVE or crankcase
pressure in the case of previous generation eRAVE) acting on a
bellows and spring to open and close the valve, the new eRAVE
s ystem found on the Mach uses an electric stepper motor
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(photo 13) acting through both a cable and rack and pinion
gear arrangement (photo 14). This allows more precise control
of valve action. This new eRAVE is also different from previous
generations in its use of small guillotines over the two side
auxiliary ports (photo 15). Ski-Doo personnel informed us that
this move yields significant improvement in engine efficiency
and fuel economy. Given their position on the cylinder, the
auxiliary guillotines actually begin to open first there by
ensuring that all the valves fully open at precisely the same
time.
Noise attenuation was an obvious priority in bringing such a
large displacement engine to market and this fact is clearly
evident in the design of the exhaust system. To begin with,
a new “donut” design was used at the Y-pipe junction to
p rovide a better seal. This is followed up with a double
i nsulated manifold and insulated expansion chamber. This
provides more consistent engine operation (less temperature
fluctuation) and greatly reduced noise. Finally, a large new 5chamber silencer (3-chamber is standard) completes the
system and helps to diminish the sonic disturbances.
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Living with the beast
Enjoying all of this new-found performance first re q u i res one
to get the engine running and pulling over this big twin was
o b v i o usly foreseen as an area that would need some attention.
Rotax engineers addressed this issue by developing a
decompression system that helps to reduce cylinder pressure at
start-ups (photo 16). The design of the system had not been
finalized at the time of writing this article but we suspect that
it will cons ist of small holes located in the cylinders and
c o n t rolled by some mechanical or electronic means. In spite of
t h is feature, ordering the electric start option would likely prove
to be wise. Your shoulders and arms would be forever grateful.
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You have surely heard or read about a complaint expressed by
many current SDI engine owners: the need to use expensive
synthetic oil. As you can read elsewhere in this issue, Ski-Doo
has reacted to the massive public outcry relating to this by
releasing a suitable new semi-synthetic offering for owners of
600 HO and 800 SDI engines. Will this oil be suitable for the
new Mach as well? The answer is no. We were told that the
new engine will have to be run on synthetic oil due to the
higher output and greater demands placed on the oil. As the
old saying says, you want to play, you have to pay.
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So there you have it friends. As you can see, the interaction
between every single component of the engine’s design
cannot be overlooked. In effect, no stone can be left unturned
in the quest reliable power. Ski-Doo engineers turned over
many stones in designing this engine.
Next issue: There are many myths and theories about the breakin period of a new sled. Find out all about this most critical
component of your snowmobile’s life when renowned technical
guru Kevin Cameron sheds light on this mysterious topic.
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