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ABSTRACT

From 2001 to 2006, the Michigan Technological Ursity
Clean Snowmobile Team successfully implemented -high
performance four-cycle internal combustion engiivégs an
existing snowmobile chassis. The team’s complicetiin
past years did not rise from using a 4-stroke engm a
snowmobile. The problems arose from the simpleé tfzat all
the previous engines were originally motorcycle ireg
which did not have dimensions or configurations sistent
with that of a snowmobile engine. This led to idiffties in
packaging, drive train modifications, and additiomeight.
In 2007, the team decided to take a completelyersfit
approach in building a snowmobile for the competiti
Instead of spending significant engineering effash
engineering the cohesion between engine and chhgstseam
decided to start with a stock snowmobile engine eimaksis.
Our OEM snowmobile choice was the Polaris FST @ass
which will be used again as the 2008 entry. Thiec®n
allowed more time to be spent engineering improvemén
emissions and noise beyond the OEM implementatiohless
time on packaging and drive train modifications.eTdibove
decision combined with a team-designed exhaustiatiatte
systems, alongside custom fuel mapping have made
significant reductions in emissions and noise fiesi The
net result is a snowmobile that is not only envinemtally
friendly, but also a pleasure to ride.

INTRODUCTION

Due to rising environmental concerns regarding tise of
snowmobiles in Yellowstone National Park, the Clean
Snowmobile Challenge was introduced in the winte2@00
in Jackson Hole, Wyoming. This event was sponstrethe
Society of Automotive Engineers (SAE), and consistd
universities from across the United States and Ganall of
which arrived with snowmobiles that they had desdymnd
built. The snowmobiles were evaluated in severaficstand
dynamic events, including acceleration, handlingd hill
climb events. In 2003, the competition moved te tpper
Peninsula of Michigan and was hosted by the Keweena
Research Center (KRC) just north of Michigan Tedbgical
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University’s (MTU’s) campus. For 2008, the competit
remains at the KRC and runs from MarcH"16 the 1%, it
will feature snowmobiles propelled by internal camtion
engines, gas-electric hybrids and zero-emissiorectrid
motors.

Michigan Tech’'s team is comprised of 53 memberanfro
diverse educational disciplines. The team includesnbers
pursuing degrees in Mechanical Engineering, Medani
Engineering Technology, Electrical Engineering, diieal
Engineering Technology, and Business. The teanivislet
into four sub-teams: engine, chassis, drivetraml lBusiness.
The first three of these teams are focused prignami the
design and fabrication of the snowmobile. The bessnteam
is dedicated to public and sponsor relations as aglteam
dynamics.

For 2008, the team has focused on refining the 287y.

Improvements to the snowmobile’s reliability, fustonomy,

ridability, and overall weight were all address@&the team’s
2007 entry showed great potential with impressingssions
numbers and an overall appealing package with gend fit

and finish. Refer to Table 1 below for a comprehens
analysis of the 2007 MTU competition results.

Table 1: 2007 Clean Snowmobile Competition Result®r
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Table 2: Michigan Tech CSC Goals

2008 Goals

Increase engine power
output from the 2007
design to better replicate
the stock FST

2007 Goals

Achieve sufficient
track/stud combination
and engine power to
outperform all other
entrants

Pass 2012 EPA
Emissions Regulations
while running E-85 as
well as surpassing
previous designs and
entrants to the CSC

Pass 2012 EPA
Emissions Regulations
while using E-85, as well
as surpassing the 2007
entry’s emissions

Achieve a sound
pressure level lower
than 74 dBA per SAE
J192 Specification

Achieve a sound
pressure level lower than
76 dBA per SAE J192
Specification and
significant improvements
in Subjective Noise
Increase both the
subjective and objective
handling points awarded
by maintaining relatively
stock ergonomics

Reduce overall vehicle
weight as well as
maintain relatively stock
ergonomics

PERFORMANCE BY INNOVATION

The 2008 Michigan Tech Clean Snowmobile is a refine
package that is not only clean and quiet, butgs ahjoyable
to ride. A list of the 2008 goals for MTU’s Cle&mowmobile

is listed in Table 2. The increase in popularityfadr stroke
snowmobiles is hard to ignore. Their increased &oginomy,
reliability, and ease of use make them very atiracto
consumers. This is very apparent when reviewingatieunt
of four stroke snowmobiles sold in the last fewrgea

The 2008 MTU entry very closely replicates a st&iaris
snowmobile. Through careful planning the ergononaitshe
snowmobile remained similar to that of the OEM doral
equipment manufacturer) model. The new technologies
implemented into the 2008 entry include engine tications,

exhaust system design, tunnel

modifications, and calibration.

design, suspension

Table 3 is a list of components and equipment $pations
used to meet the goals of the MTU Clean Snowmadbdam
for 2008. Key vehicle components include chassigyine,
fuel, intake, exhaust, drivetrain, track, and saspEn systems.

Table 3: Snowmobile Component Specifications
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ENGINE

Engine Simulation

Lotus Engine Simulation Software was used to establ
baseline numbers, for engine configurations.

The first step of the simulation was to get a basturally
aspirated version of the engine that was repreteataf the
amount of power and torque produced and physical
dimensions. This model was then evaluated with pasoline
and E85. The same model was then used to compastabk
intake to the modified intake plenum. The resulia be seen
below in Figure 1.



Figure 1: Naturally Aspirated Engine Simulation

Engine Simulations of Naturally Aspirated with stoc k and
modified intake

70

60

50

40 —— New Intake Pow er

—— New Intake Torque

Power

30 = Stock Intake pow er

Stock intake Torque

20

10

0

0 2000 4000 6000 8000 10000

RPM

As can be seen in Figure 1, the purpose of theralgtu
aspirated model was to get an accurate represamtafithe
engine before adding the complications of turborging.
From the naturally aspirated engine model, thedcinarged
model was created along with the addition of the
modifications to the exhaust and intake systemse Th
modifications included changes to intake chargeegip
exhaust, intake plenum, turbocharger and interesol€his
allowed us to see the effects of the proposed gordiions
compared to stock. Once both models were running 8,
their brake specific fuel consumptions were comgudad
compared as seen in Figure 2.

Figure 2: Fuel Consumption for Naturally Aspirated
vs. Turbocharged Engine
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From this data, the turbocharged engine is showeotsume
less fuel per kilowatt. This validated the decisionmplement
a turbocharger on the 2008 CSC entry.

Head Rotation

The Weber 750 multi-purpose engine has a symmeétrica
design that allows the head to be rotated 180°alliodv the
engine to still run correctly. This reverses thealion of the
intake and exhaust ports. The rotation is madeilplesgue to

the design of the Weber engine using a centralntinghain
located between the PTO and MAG cylinders alongh veit
symmetrical cylinder head design. To reverse thadha
different camshaft and water pump housing is reqglitn the

stock Polaris configuration, the intake ports féoe gas tank
while the exhaust is routed forward under the hoobe

configuration used in the MTU 2008 entry is rotategi0°

from this stock orientation, as well as it washe MTU 2007
entry. This reduces under hood heat and allowsnsgaf the

hood for improved noise performance.

Air Box

In order to further increase engine performanceaih®ox of
the 2007 snowmobile was redesigned. Volume wagrg v
important factor driving the redesign. An incre@s@olume,
approximately 4.5 L from 2007 to 2008, provides enfnesh
air available to be drawn into the engine. Thisess of air
provides the necessary volume needed for quicknengpeed
increases; in which the engine very quickly needsiraw a
large amount of air. Noise reduction is anothgpeas in
which volume plays a role. By having more volumaetie air
box there is more room for noise cancellation desigments.
In the 2008 these design elements include divibeffies that
create different sized chambers throughout thebait. As
intake noise is forced out through the baffled waods, the
differing volumes cancel out different frequenc&snoise.
Moreover the redesign of the air box focused maiaty
reduction of engine intake noise. It is importamtnoise
cancellation to not have a line of sight from théei to the
outlet of the noise reduction device. The 2007baix was
designed with the inlet nearly on top of the outleividing an
almost direct line of sight as seen in Figure 3.

Figure 3: 2007 Air box — 16.1 L Absorption Style Mfler

The 2008 air box however, was designed with thregnm
volume chambers in the main portion of the air lzoxd a
downward velocity stack leading into the chamberhe
velocity stack and outlet of the air box can bensed-igure 3

Figure 3: 2008 Air box — 20.8 L Chambered Style Mufer

In short this design increases the volume by 3082007
and also provides increased noise reduction makinigr
superior.

Intake
With the implementation of the head rotation, nawake
runners and plenum had to be designed and fabdidatdit




under the unmodified stock hood. The new runnersewe
fabricated to match the stock length of 7.6cm anerew
directed down instead of the stock configurationiclvh
pointed them up. This was done to keep the intaken f
penetrating the hood. This new configuration plaitedintake
plenum above the front shock towers.

Turbocharger
The stock turbocharger from the Polaris could netused

because it has a cast turbo header. A turbochdmger IHI
was selected which allowed for flexible mountingsiions
for the turbocharger. The turbo chosen is an IHBRH which

is similar in size, shape and performance to theckst
turbocharger. The IHI turbo features an internabt@agate.
The header is fabricated with 304 stainless staelohg term
durability against dynamic and thermal loading. Tdwwvn
pipe and oxygesensor housing were manufactured with 304
stainless steel to resist corrosion.

Engine Cooling System

Through testing and competition in 2007 it was fibtimat the
engine cooling system was more than adequate fer th
conditions the snowmobile would see. Thereforewds
downsized to allow the engine to operate at a #jighigher
temperature. By having a smaller cooling systeeneths less
volume of coolant that affects the engine. Thisrdase in
volume leads to faster response time, giving a muonche
dynamic cooling system that very quickly responds t
changing engine conditions. In order to ensure thatnew
cooling system was adequate for providing enougtireg for
the engine, simple calculations were made. Fidudésplays
the results of the calculations.

Figure 4: Theoretical Cooling Capacity of 2008 Engie
Cooling System
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The temperature curve seen in Figure 4 was catulilasing
approximate values for cooling system operatingoienatures.
The thermostat on the engine opens at approximaietyC
and an overheat condition for the snowmobile ismwbeolant
temperatures exceed 99° C. A range from 70° Mto®was
then used to calculate theoretical outlet tempegatu

Cooling System Redesign

In both 2007 and 2008 two independent cooling systeere
used for the engine and intercooler. In 2007 thgire

cooling system extended through running board peEm
coolers and around the underside of the tunnel ihshape.
The intercooler cooling system was simply a straigioling

extrusion that the coolant passed through twicelifferent

directions. For 2008 the engine cooling system realsiced
to simply an L-shape on the underside of the tunmbkile the

intercooler was rerouted to be a straight run @enuhderside
of the tunnel opposite of the L-shaped engine co@eth the
engine and intercooler cooling systems also utlizbe

running board perimeter cooling on their respectsiges.
Figure 5 shows the cooling system as mounted itutiieel.

Figure 5: 2008 Cooling Systems

Intercooler Cooling System

In order to achieve a more efficient engine it $sential to
provide a maximum amount of air. This is acconfy@is on
the snowmobile first through the use of a turboghabut also
an intercooler. The same air to water intercoaerused in
2007 is used on the 2008 snowmobile shown in Figure

Figure 6 Stock Intercooler (top) Compared to MTU’sBell
Intercooler (bottom)

However to increase the effectiveness of the io@ar, the
cooling system capacity was increased. The cosleface
area for the cooling system was doubled from 2@02G08
with the results of this effect shown in Figure 7.



Figure 7: Comparison of Theoretical Cooling Capacy of
2007 and 2008 Intercooler Cooling System
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From the graph it can be seen that as inlet teryrera
increases the outlet temperatures does as welltheAupper
limit of the intercooler inlet temperatures, 21° @he
temperature difference was approximately 3°C prpvinat
the new system is a much better choice. It is mgmrtant to
note that the running board perimeter cooling watsncluded
in the calculations implying that the cooling caipaof the
2008 system has more than doubled from 2007. Binbaan
increased cooling capacity air temperature afteririkercooler
will drop dramatically, increasing the density bétair. This
effect can be seen in Figure 6.0.

Figure 8: Effects of Air Temperature on Density
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This increase in density means that there is aehighass of
air per unit volume which means that more air cardbawn

into the engine. With the increase in the amodrdioin the

engine the volumetric efficiency of the engine \iltrease as
well which can be seen below in Equation 1.

Equation 1
__m
VEN,

ra,i d

Where: r= Volumetric Efficiency
m,=mass of air
ai=Density of Air
V ~=Displaced Volume

In short, the cooling systems have been redesigmith
performance in mind. The engine cooling capacityswa
reduced to provide a more dynamic yet still adegjuaioling
system. While the intercooler cooling capacity waseased
to raise the density of the intake air and simjldrbost the
mass flow rate of the engine.

Emissions

The main goal of 2008 is an improvement in perfarcgawith
little to no degradation in emissions output. Thmuld be
accomplished in three different ways; a differeatatyst,
specific engine tuning, or a combination of the tvhile the
catalyst and associated engine tuning in 2007 jrdeebe
very effective, (2 place) for emissions, alternatives needed to
be evaluated for improved performance. It was detithat
through a comprehensive re-mapping of the enginé thie
2007 catalyst that the performance could be draaldyi
improved without sacrificing emissions output level

Exhaust Header Redesign

From extensive testing and operation of the 20@ivemobile

many flaws were found in the design of the exhdestder.
The exhaust header is subject to both a dynamit dsawell

as a thermal load. Dynamically, the header isenibjo a
direct force from the weight of the turbochargetirsy on top

of the header. Thermally, the header, at Moderfathometer
testing, is subject to extremely high temperatuogsyards of
1000 degrees Celsius. A picture of the 2007 headhen the
engine is operating at Mode 1 is shown in Figurét 8an be
clearly seen due to the color of the header thafsit
experiencing extreme thermal loading.

Figure 9: 2007 Header at Mode 1

From 2007 the team learned that the dynamic anitt $teads
from the turbocharger movement caused the headeretp.
This similarly cracked several headers in 2007. nit&i
Element model results of this loading condition banseen in
Figure 10.



Figure 10: FEA of Header

To reduce this loading on the header, a 304 Stsnfteel
bracket was fabricated to help carry the load o€ th
turbocharger. The bracket attaches to the tophefvalve
cover and extends out to be bolted between theehezad
turbo charger. Figure 11 shows the bracket fatwitdor the
2008 snowmobile.

Figure 11: Turbo Bracket

This bracket allows the engine and the turbochargenove
as one single unit.

Because the exhaust header being subjected to higty
temperatures. Due, in part, to the engine opergtargmeters
that cause exhaust gas to be hotter than normztiaage in

the header material was made. The exhaust headsr wa
fabricated with Schedule 40 Weld L's of 304 Stassléteel.
While 304 Stainless Steel is not rated for the teratures
seen by the header, a wall thickness of .145 cosgtes for

this deficiency. The design table below gives ninsgght into

the decisions made when redesigning the exhaudehea

Table 4: Design Decisions for the Exhaust Header

Design Identification and Analysis
Decision
1. Material 2007 — 321 Stainless Steel
Selection 2008 — 304 Stainless Steel
304 Stainless Steel was
chosen due to its availability
in the desired thickness.
2. Header Wall| 2007 — 0.065 Wall Thickness
Thickness 2008 — 0.145 Wall Thickness

The wall thickness was
increased to avoid fatigue
cracking. It was found that
the 0.065 wall material could
not handle the combination
of the dynamic and thermal
load.

In short, the new exhaust header was designedrestbect to
durability and reliability. By increasing the tkitess of the
material and adding the support bracket the exhheater
was strengthened to withstand both the thermal dymémic

loadings. This makes for a more reliable desigt i theory

should withstand a load of a much greater magnitade
compared to the 2007 exhaust header.

Increased Compression Ratio

For 2008, the compression ratio of the engine wascased
from 9.5:1 to 11:1. This was accomplished throtighuse of
different pistons. In 2007 dished pistons from ackt
turbocharged engine were used, while in 2008 fiptfiistons
from a stock naturally-aspirated engine were use8y

eliminating the dish in the piston the clearancéune was
decreased which in turn increased the compresatim rThis
relationship can be seen below in Equation 2.

+
cr=YatYe

Cc

Where: CR=Compression Ratio

V ~=Displaced Volume

V=Clearance Volume
Based on information from the book Internal Comimunst
Engine Fundamentalby John B. Heywood; efficiency and
exhaust temperature are positively influenced kgreasing
the compression ratio. From researched informatibie
relative efficiency of the engine is expected topiove
between 3 and 6 percent overall. Exhaust temperéualso
known to decrease as compression ratio and efigien
increase. It has also been shown that heat lossdbe
combustion chambers walls, as a function of théS@mergy,
also decrease as the compression ratio and efficiecrease.

TUNNEL DESIGN

With the center of the tunnel removed, structuhalnges were
necessary to replace the rigidity of the centeti@ec For the
2007 Clean Snowmobile Challenge, c-channel meagib

cm by 3.8 cm was attached to the perimeter of thedl to

provide structure. Along with the c-channel a pbgite having
an identical thickness to the original tunnel wasled. Not
only did this top plate replace the majority of theginal

tunnel material removed but also added a heatdrardatween
the exhaust and gas tank. A Finite Element AnalySBEA)

was used to verify that the modified tunnel wasrgger than
the original tunnel. Figures 12, 13, and 14 digple tunnel
loading, constraint, and deflection conditions ukedhe FEA

analysis of the 2007 tunnel modifications.

Figure 12: Tunnel Loading and Constraints



Figure 13: Stock Tunnel FEA Indicating Maximum
Displacement of 3.3cm

Figure 14: Modified Tunnel FEA Result Indicating
Maximum Displacement of 3.2cm

In an effort to reduce weight and improve aestlsetihe c-
channel type tunnel modifications were removed r@pdaced
for the 2008 competition, seen in Figure 15.

Figure 15: 2008 Tunnel Modifications Including Tubng
Supports and Aluminum Shielding

In place of the c-channel, two 2.5 cm diameter ahum
tubes were welded to the tunnel near the steemogp hwith a
third bridging the tunnel at the rear of the fuenk.
Combined, the three tubes support the weight ofudbétank
and reinforce the modified tunnel. To create at learier

between the exhaust and the fuel tank, and to dps¢he
exposed tunnel area, a sheet of aluminum approglynatmm
thick was bent and attached underneath the stgtiag tunnel
area and is also seen in Figure 15. The fronhiefsheet was
cut out to allow clearance for the exhaust downgpd for
the coolant line heat shield under the steeringphoo

SUSPENSION

Rear Skid

The rear skid mount design for the 2007 competitvas a
radical new innovation never before implemented an
snowmobile to our knowledge. For structure boris@do be
generated, large flat areas must be excited byatidral

energy. The flat sides of the tunnel provide anedi&nt area
for this to occur. Vibrations in the suspensioa aaused by
impulses generated by track lugs striking the gdoon an

idler wheel passing over a rod in the track. Thiespulses

propagate through the suspension and are trandféosr¢he

sides of the tunnel. By isolating the suspensionitat
attachment points, the amount of energy transmittedhe

tunnel sides is reduced, therefore reducing theengénerated.
These isolation mounts, shown in Figure 16 are daali
design for the desired application [1].

Figure 16: Rear Suspension Isolation Mounts

After estimating the suspension loading, the 515@8es
mount was selected for the 2007 snowmobile basethen
following analysis.

The snowmobile weighs approximately 320kg itselfheff
this is coupled with an 80kg rider the total snoveitesrider
mass is 400kg. This total mass was then dividetivoy 1/2 to
each the front and rear suspension. The rear ssigpen
portion was then divided by four, since there aoarf
suspension mounting points. This resulted in a 58fedic,
radial weight on each mount. Each mount choseatedrfor
100kg, a safety factor of 2 was allowed for impaetds, with
a realization that the suspension shocks and spnivguld
dissipate some energy before it reached the mauntin
locations.

This analysis was assumed to hold true for the 2008
snowmobile as the chassis is the same. The problgnthis
mount was that it needed to protrude between 2fecB8cm
inside the tunnel based on its axial length. Theesfan Arctic
Cat Firecat suspension was installed in the Pol@ishassis.
The Firecat skid measures 34.3cm wide and easdyirfside
the 38cm wide tunnel, providing the perfect amoainspace



for the isolation mounts. After extensive testing,

Figure 18: Arctic Cat Float Skid In Its Original 153 Inch

approximately 250km, these mounts were removed and Configuration

inspected for wear. Before removal it was noted the front
mounts seemed to be “front loaded” where the fat¢he
track had pulled the center of the mount into avéod stance,
while the back mounts appeared normal. Upon remofviie
mounts, the rear mounts showed very little detation, while
the front mounts seemed to be very near separaiitimough
catastrophic failure isn’t possible due to the gesf both the
mount itself and the implementation, it was deemed
undesirable for this to occur, as it could leadh® failure of
its isolation properties. A new mount was choseth airadial
rating of 145kg which provides a safety factor & thstead
of the original 2 and an additional 50% increaseradial
strength.

Although this isolation mounted Firecat skid fraperformed
great in respects to handling and noise, an Arcat Float
Skid was selected for the 2008 competition. Tieis rctic
Cat skid frame is claimed to be nearly 3.6 kg kghthan
previous mountain rear suspensions and utilize®xa Foat
shock. This air shock is lighter and has been rthed to
produce less noise than conventional
combinations. One problem with the Float Skid hattthe
shortest length produced by Arctic Cat is for a "153ack.
After many measurements were taken from the skichdy, it
was disassembled and the rails were cut shorterder to
accommodate a 137" track. Material was removedhftbe
middle area of the rails and then after the twosenfdthe rail
were butted together thick plates of aluminum weedded to
either side of the joint for extra strength as sedrigure 1.

Figure 17: Plates Added To Strengthen Shortened RHa
Joint

Figures 18 and 19 show the Float Skid in its oafjih53”
configuration and after the modifications to accoodiate a
137" track respectively. After measurement of weights of
the Firecat suspension and the Float Skid it wadseraened
that using the Float Skid saves approximately k6

shock/spring

Figure 19: Arctic Cat Float Skid After Being Shortened
For A 137 Inch Track

A 137" track was chosen because it was availabke single-
ply configuration which not only reduces its weidhit also
increases the efficiency of the snowmobile, thigkris used
by Bombardier and manufactured by Camoplast.

Front A-Arms

The stock Polaris front suspension consists of tmequal
length, non-parallel A-arms with a coil-over shankunted to
the lower control arm on each side. In a furthBore to
reduce the overall weight of the 2008 competition
snowmobile, the front suspension was redesigneagusi
aluminum in place of the stock suspension’s steel.

The front A-arms were modeled using Catia V5 ardrtiodel
was subject to a 3-G (12010 Newton) load. Basedramt
suspension dynamics the upper A-arm load path asted
down the length of the arm simulating a tensiondloa
Similarly, the lower A-arm’s load paths were in tilieection
of the shock and simulating a front and side impaierations
of the design were performed until the factor diesawas
above 1.5. Results of the finite element analgais be seen
in Figures 20 through 24.



Figure 20: Finite Element Analysis of Tension Loaan Figure 24: Complete Model of Redesigned Front

Upper A-arm Suspension
Figure 21: Finite Element Analysis of Side Impactoad In order to avoid the necessity to verify the cieastructural
on Lower A-arm integrity, the stock system geometry was not medifiuring

the redesign. This decision meant no considersifioncaster,
camber, scrub, or toe were needed in the new deskpr
manufacturing purposes the upper and lower A-armsew
built symmetrical using a specially constructed did jig
seen in Figure 25.

Figure 25: Custom Aluminum A-arm Welding Jig

Figure 22: Finite Element Analysis of Front Impacton
Lower A-arm

The outboard shock mount of the lower control armasw
relocated by 1.27 cm in order to accommodate RydeAk

2.0 air shocks. In the past MTU has chosen toRese air
shocks because of weight savings, the Air 2.0 shdokm
Ryde FX were chosen because Polaris installs thietheir
stock 2008 snowmobiles, thus there is no effect com
calculated MSRP for the 2008 Clean Snowmobile
Competition and they still offer considerable weighvings
over the normal coil-over shocks.

Figure 23: Finite Element Analysis of Shock Load o
Lower A-arm

Using aluminum in the front suspension redesigrvigdied a
3.18 kg reduction over the stock model while theR®Swas
lowered by 106 dollars. The lighter suspensionmisre
responsive and will aid in the handling events miyithe 2008
Clean Snowmobile Challenge. Figures 26 and 27 ssume
of the redesigned suspension components duringédiom.



Figure 26: Redesigned Lower Control Arm Prior to Rnal
Welding

Figure 27: Finished Aluminum Upper A-arm and Stock
Steel Upper A-arm

STEERING

In lieu of the “Rider Select” system that MTU raor the 2007
competition the steering post mount has been clithtgea
solid mount to reduce the force required to turre th
snowmobile. The “Rider Select” system was impletedrby
Polaris as a way for individual riders to quicklpdaeasily
select the handlebar position most comfortable tfoem.
However, it was found by surveying members of th&M
Clean Snowmobile Enterprise Team that for the apfibn
that the competition snowmobile is meant for, itnslesirable
to change the steering geometry. The ideal positio
maximize comfort and steering ease during trailngdwas
selected and a fixed bracket was made to mouresisg post
bushing similar to stock 2008 Polaris RMK snowmesil
This bracket and bushing mount are seen in Fig8re 2

Figure 28: Fixed Steering Post Mount

NOISE EMISSIONS

In 2007 the team did not compete in the J192 No&st due

to a catastrophic engine failure. Last year’s r@elsioverall

noise of the snowmobile was 76 dBA, however thel gda
2008 is an overall noise output of 74 dBA. Anotgeal of

2008 is even better packaging of noise control aei The

three main noise sources on a snowmobile are tiginen
exhaust, engine intake, and the track and rearessgm. By

analyzing each source, and treating each compcegatately
in a coherent noise reduction strategy, the tedmtHat the

highest level of success would be achieved.

Exhaust Noise Reduction

Since the exhaust layout is under the seat, theflenufs
located at the rear of the snowmobile, underneathtehind
the seat. Due to space limitations at this locatibe team
chose to use a muffler that combines the functibbath a
reactive and an absorptive muffler in a single paek

The use of resonators in the exhaust system istaiéein
removing dominant frequencies of noise produced thy
combustion events of the engine. The design ofntluéfler
chambers works to actively attenuate problematibaast
frequencies.

To maximize noise cancellation, the muffler was igiesd
around the frequency output of the engine exhaligingle
muffler is used to attenuate the exhaust noiseymedl This
muffler is designed to incorporate the componeiffitbath a
resonator and absorptive type muffler. It is destywith five
chambers with varying chamber volumes to attenaatmany
frequencies as possible. This represents the rescaspect of
the muffler design, which is meant to target thevdo
frequencies produced by the engine through the wsthdo
target the higher frequencies, a ceramic fiber rauffacking
material was used to line the interior of the marfithambers.

The first step in designing the muffler was to gmalthe stock
Polaris muffler. Transmission loss calculations aver
performed on the Polaris muffler to determine ttegjfiencies
that were targeted by Polaris when the stock muffias
originally developed. The frequencies that appeaede
targeted by Polaris are the same frequencies thi targeted
when the MTU muffler was designed. Those valueswsed
in combination with data acquired by using a LandSé&a
water brake dynamometer for engine loading; theditmms
that the engine will see during the noise evenevgimulated.
A 01dB microphone and Symphonie data acquisitidtwsoe
were used to analyze the sound output of the endiaeh
reading was taken during a simulated pass-by, iitlwthe
speed of the engine, and the load applied to tlygnenwas
varied to simulate the testing conditions expemehduring
the noise event. Testing was performed in the fielt- with
the microphone 10cm from the exit of the exhaustd a
positioned out of the exhaust flow. All noise, aththan
exhaust noise, was isolated and not taken intowetdo these
tests. A third-octave band frequency analysis vweonded.
The configuration was an “open” pipe, with no meffl
installed The results of the frequency analysis loarseen in
Figure 29.



Figure 29: Third Octave Band Frequency Analysis, No
Muffler
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The absorptive muffler portion, incorporates MTU @S
designed and built expanded steel tubes with KabWdq(X)
ceramic fiber blanket packing lining the inside e#ch
chamber. The Kaowool KT packing is rated to be used
temperature up to 1260 C and has a noise reductiefficient
of 0.80. The reactive aspect of the muffler inveheeseries of
six various sized chambers with a combination ofd@@ree
bends and perforated expanded steel tubing digedtie
exhaust gases through and between each chambag thés
setup, the perforated tubes, and the 90° tube bemddbled
the muffler to achieve minimal restriction; all \enistill
maintaining better packaging characteristics tha@82as can
be seen in Figure 30.

Figure 30: 2008 MTU Designed Exhaust Muffler

Chassis Noise Reduction

With the structural portion of the chassis resolmsd the

various tunnel modifications, focus on the chassidted to

noise. Before the 2007 competition a SAE J-192ves held
to compare the MTU custom isolated Firecat skidh tstock
Polaris M-10. In the test the stock M-10 suspansieasured
1dBA quieter than the isolated suspension. Thismsel

unlikely therefore several bystanders of the testrew
guestioned and they revealed that the isolated esisémn

seemed much quieter than the standard M-10 sugpeasid

that in their opinions the isolated suspension ivader due to
track slip. The Firecat skid frame uses a track ik only

34.29 cm wide where as the standard track is 38 wide.

With the Firecat track there is approximately 20@° dess

track on the snow, contributing to more potentiack slip.
Track slip was addressed in last year's testin@dging two
studs per bar to the Firecat track as allowed ey @8C
rules[2] which resulted in a 7dB reduction in noiSgack slip
is being addressed for the 2008 competition bygqusinl37
inch track with the Float Skid as compared to t@8 inch
track used on the Firecat skid. The longer skani& means
that there are 822.6 émore track on the ground.

Testing in 2007 also identified that removing idieheels
from the skid-frame, except for those on the rede,aesulted
in an additional two dBA reduction in noise. Byslars also

commented that the setup with wheels removed salinde

subjectively much quieter than the same setup vdtbr
wheels installed.

The stock Polaris skis, found on a FST snowmokdles
lightweight plastic with dual carbides on each skhese skis
are flimsy so a lightweight plastic ski made of atemial
having a greater density than stock. C & A proki3 svere
selected because of their dense plastic construetia their
use of only one carbide per ski. The material eauke ski to
produce less noise than the stock skis from flexandg the
single carbide creates less scratching noise od phacked
snow and ice.

The 2007 competition snowmobile used the stock R8dd
but due to the unique nature of the MTU team’s iapfibn
most of the hood air vents were closed off to pnéveoise
transmission from the engine compartment. For 20G8
stock FST hood was replaced by a Polaris 1Q hoaddmn a
2-stroke platform. The 2-stroke hood had fewertséiman the
4-stroke and gives the snowmobile a cleaner lodlkbut one
of the few vents on the new hood were covered usiB&
plastic. ABS plastic is a light, cost-effective yv close off
the vents as compared to the carbon fiber usedglpast
competitions. The inside of the hood was then mxevith

sound damping acoustical foam made by the Soundown

company. This foil-faced material was used in fans; one
with a rubber barrier layer, and one without. Afsome
preliminary testing it was found that the materidlizing the
rubber barrier absorbed more noise but the weiftitis type
of material is significantly greater than that waith the barrier
so it was not used in all areas of the engine commget. The
foam works in absorbing noise from the engine wisilii
being fire and heat resistant. By closing as mesgts as
possible and adding noise absorbing material archeme
environment is created in the engine bay and ndsse
prevented from escaping the engine compartment.

DRIVETRAIN

For the 2008 Michigan Tech Clean Snowmobile, thgonits
of the drivetrain components were replaced frontlstoThe
main focus was to reduce overall weight and to owprthe
drive efficiency while maintaining performance.

The two components within the drive system lefcktavere
the drive and driven clutches, neglecting springights, etc.
The Polaris P-85 was used as the primary clutttrattsfer the
power of the engine to the belt. A 100/340 presspring and
11 series 66 gram weights were used as the priofatghing



set-up. A stationary sheave from a Ski-doo TRAmMpary
clutch was machined to fit the taper of the craakstbut the
decision to run a TRA was over ruled in favor oé th-85.
From experience within the Clean Snowmobile Teaomfr
testing and overall knowledge, the P-85 was bastdtor the
application. A TEAM Industries Rapid Reaction sedary
clutch was chosen to deliver the power from thd helthe
jackshaft because of its reliable, proven desigihree
secondary springs were chosen to be tested beoawmse
average a snowmobile comes out of the factory \8itBo
more belt pressure than needed [6]. This causessan belt
efficiency, which decreases the amount of poweverid to
the track and reduces overall drive efficiency. 180/240
(Red/Black) spring and 64/38/.65 helix angle tracks used
as the secondary clutch set-up. The stock jackshaft
replaced with a shorter 2008 Polaris Dragon |Qghelft to fit
the replacement chain case. The new chain casdl@étswas
also a 2008 Dragon 1Q component as shown in Figlrd his
chain case allowed for easier access and an overale
simple system. It eliminated the reverse mechanésrd
complicated gear case cover as seen in FigurehB2letad to
more packaging options for the air intake systehe @earing
consisted of a 21 tooth top gear and a 40 toottobogear for
a 1.90 to 1 ratio.

Figure 31: 2008 Dragon IQ replacement chain case

Figure 32: 2006 Stock Polaris FST chain case

The team investigated many options for reducing the
rotational inertia within the drive train. The sko®olaris
brake rotor was modeled in Catia V5 and per rule64the
surface area was reduced within the allowable I&epe by
14.9 percent. Additional material was removed ar@D@0 ft
Ib load was applied during the FEA process to deitez part
integrity. The results shown iRigure 33 verify the part will
remain within the elastic limit. A CNC water jefw/ used to
cut the pattern shown in FiguB8. Testing proved that this
new rotor design not only reduced rotating masg, diso
provided better cooling for the rotor and bettesis@nce to
snow build up.

Figure 33: Finite Element Analysis of Brake Rotor vith a
3000 ft Ib load

Two different drive shafts were installed to tegb tifferent
style tracks. One drive shaft was from a 2008 Dnal) with
2.52" pitch drivers to run a 128"x13.5"x1” Camogias
Hacksaw track. The other drive shaft was from @8Bolaris
RMK with 2.86" pitch drivers to run a 137"x15"x1.25ki-
doo single ply track. All the stock drive trainmaponents that
were removed from the snowmobile to be replacedwer
weighed and compared to the new 2008 1Q Dragon
components. The outcome was a weight saving0883.
kilograms.

Testing Procedure

A scientific clutch tuning procedure was implemenfer the
2008 competition season. This procedure allowed fo
organization of testing results in a living Excié f It enabled
the team to refer to recorded data. This visualhdenit easier
to decide which variables to change within the elriain
system for fuel economy and acceleration purposd$e
spreadsheet of information included examples sush a
temperature, snow conditions, clutch springs andghts,
distance traveled, fuel consumed, etc. Prior tptesting, a
procedure of how fuel economy and accelerationinigst
would be preformed was discussed. This helpedittrate
“on-the-fly” decisions to keep from wasting valualiksting
time. This procedure included a 30 mile trail sectfrom
Houghton to Twin Lakes where fuel economy testirmuld
take place. It was decided that the most accuratetavrecord
fuel economy data would be to measure the amouritief
consumed with a fuel transducer and the distareeled with

a Global Positioning System. The fuel testing woble
performed at competition speeds of 30 to 40 milespur.
The recorded data would be compared to a stockiRP&&T



Classic to get accurate data when changing vasabithin
the drivetrain system. The stock clutching/gearsed-ups
would be the first tested. Table 5 shows the tssflthe Fuel
Economy and Acceleration data recorded with stock
parameters. Changes of the drive system variafglears,
weights, springs, etc.) would be made from there @ time
to keep track of the snowmobile performance withw fe
complications. The most time would be contributedfdel
efficiency testing. For acceleration testing itswecided that
testing be performend in a field located in Dolgay. This
location had a flat runway of 600 feet and a heafmge to
make clutch changes. The most fuel-efficient dtragn set-
ups would be tested for the best accelerationmiBétor 2000
photo gates would be used to record the time imwédet the
gates for acceleration purposes. Acceleration evdake
place over a period of one day or night so the ghdn snow
conditions is minimal.

Table 5: Fuel Economy Data with stock FST set-up

Test Trall Twin Lakes [Twin Lakes
Driver's Name Steve N Steve N
Driver's Weight 185 1b 185 1b

Snow conditions

(sugary, bumpy, hard |average average
packed, groomed packed, packed,

etc.) bumpy bumpy
Ambient Temperature |22 degrees |22 degrees
\Wind Conditions 5 mph 5 mph
\Weather conditions

(Snowing, Sunny or  [Clear, Clear,
Overcast) overcast overcast
P-85 yes yes

Primary Spring 100/340 100/340
Primary Weights 66 gram 66 gram
Secondary Spring 100/240 100/240
Secondary Helix 64/38/.65 64/38/.65
Belt Stock Stock

Top Gear 21T 21T

Bottom Gear 40T 40T

Tooth Driver size 2.52" 2.52"
Snowmobile

Modifications/Set up  |none none

Track 1.25" Ripsaw|1.25" Ripsaw
Chassis FST FST

Engine 750 cc 750 cc

Peak Horsepower 140 hp 140 hp

Best BSFC/RPM unknown unknown
Results

Average Test Speed |35 mph 35 mph
Miles 28 28
Gallons of fuel 2.18 2.13
Miles per Gallon 12.8 13.1
Engagement RPM 4000 4000
Shift -Speed Peak

RPM 7900 7900

Alternator
and battery
positive
connections
loose, Sled
battery
drained, had
to jump
battery on
the trail

Malfunctions

CONCLUSION

The 2008 Michigan Tech Clean Snowmobile is a stepya
from tradition, and a step towards the future.nttorporates
exciting technology that is sure to lead the futwé
snowmobiling. Through careful design and enginegrithe
fusion of performance, efficiency, low exhaust esitss, low
noise operation, and alternative fuels along witacpcality
has become a reality
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