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ABSTRACT

The University of Wisconsin-Platteville (UW-P) Cre&nowmobile Team has successfully designed and
constructed a quiet, environmentally friendly, hggrformance snowmobile for the 2010 Society of
Automotive Engineers (SAE) Clean Snowmobile Chaée(CSC). Built on a 2008 Ski-Doo REV-XP chassis,
this machine features a 594 cc semi-direct-injact®DI) two-stroke engine. The Boondocker Perforoesiuel
management system used to decrease exhaust emigambimprove fuel economy maintains near stockeng
power while allowing operation on any blend of dam®and ethanol between E20 and E29. The emissions
output is further reduced by utilizing a pre-buatatyst system customized for this engine by TiRieae. A
modified expansion chamber, muffler system, andattdition of sound absorbing material are respelstiv
used to reduce exhaust and engine compartment famsgly, a number of additional improvements haeen
made to the driveline and chassis to increasei@fity and diminish noise. These modifications aaieUW-
P’s reliability, efficiency, and noise goals, astteg done prior to competition showed the snowneolpetting
14.1 mpg (6 km/L) on E25 ethanol fuel, creating hpg88 kW), and emitting 80% less HC when compaoed
stock emissions numbers.

INTRODUCTION

The modern day recreational snowmobile evolved feoh®58 design by Joseph-Armand Bombardier.
Bombardier began commercial production and margeatirthe Ski-Doo snowmobile in 1959. Public interies
the small snowmobiles grew quickly, and suddenigw winter sport was born, centered in Quebec, @ana
In the first year, Bombardier sold 225 Ski-Doosokimg ahead 50 years, there are now four primary
manufacturers of snowmobiles, with total 2009 sedeshing 147,066 units worldwide, and 61,593 ok¢h
sales taking place in the U.S [1].

Traditionally, snowmobiles have been plagued wiabrduel economy, high emissions, and high levélsaise
pollution. The environmental impact of these maekibecame such a concern that the federal govetnmen
banned snowmobile usage in national parks in the 800. In response to this ban, the Society dbvotive
Engineers (SAE), along with the Environmental Retiten Agency (EPA), National Parks Service (NPS) an
the Department of Energy (DoE), created the Claawiobile Challenge. The CSC is an engineeringgaesi
competition among colleges to develop clean, gtuet, efficient alternatives to conventional twoedkie
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snowmobiles. Competition entries are redesignesimes of original equipment manufacturer (OEM)
snowmobiles, and are tested on design strategrassiens (CO, HC, and NOXx), fuel economy, noisgeni
comfort, handling, acceleration, and cold staraibdities [2]. They are expected to be reliabldedb run
efficiently on any blend of ethanol/gasoline midretween E-20 and E-29, and yet be marketablenvitik
current snowmobile industry by maintaining consuiaereptable levels of performance. Students will
showcase their re-designed snowmobiles March 12@100, at the Keweenaw Research Center in Michggan’
Upper Peninsula.

Today, U.S. national parks are operating undemgteary winter use plan, which restricts the nundder
snowmobiles entering the parks every day. Thoshimgsto enter park areas are required to have Best
Available Technology (BAT), which are the cleanastl quietest group of commercially available
snowmobiles. The EPA has also issued a requiracttieth on snowmobile emissions. Consisting of three
phases, the regulations include a 50 % reductia20iy, and a 70 % reduction by 2012. Specific aomnss
limits can be seen below in Table 1.

Table 1: Exhaust Emission Standards for SnowmobilefS]

Phase In | Emissions (g/k\Ahr)

Model Year | % of sales| HC | HC+NOx | CO
2007-2009 | 100 100- 275
2010-2011 | 100 75| - 275
2012 & later| 100 75 | 90 271

These restrictions have forced snowmobile manufartuo explore and rapidly develop new technol@pme
companies have shifted their focus to the fourk&trengine, which when compared to an equivalenisinake
engine is much quieter, more fuel efficient, andterfiewer HC. Other companies have further develdp®-
stroke technology, implementing advanced fuel @elinand management systems. These highly sophestica
two-strokes are smaller, lighter, have fewer moypags, and emit less NOx compared to equivalamt fo
stroke engines.

DESIGN OBJECTIVES-To be one of the elite teamsaimpete in the 2010 Clean Snowmobile Challenge, the
University of Wisconsin-Platteville has re-engiregethe best two-stroke technology the snowmobdestry

has to offer. With the 2010 CSC main competitiojeotive being to improve fuel economy the team'stma
goal was making a more efficient snowmobile. Teantiscompete in two different events to measurd fue
economy. The first will coincide with the 100 m{E60 km) endurance event, where 100 points will be
awarded to teams that successfully complete theagd requirement while maintaining the 45 mph @2 k
speed requirement. They will then receive addifidparformance points” for their fuel economy comga to

the rest of the field based on equation (1) [2]:

Where G is the number of gallons of fuel consumed.

Fuel economy is also measured during an in-seenussions event. Scores between 0 and 50 are aivarde
according to equation (2) [2].
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Where FE is the Fuel Economy measured in the event.

The team's second goal was to reduce HC and CGiemsswhile running ethanol blended fuel. Scoriomg f
this event is based on an exclusive in-service @ondest, followed by a five-mode test cycle ablighed by
SwRI [2, 4]. Table 2 shows the speeds, loads, aidhing factors for the five-mode test.

Table 2: The five-mode snowmobile test procedure ad by the EPA and NPS.

Mode Point | Speed [% of Rated]| Torque [% of Rated] | Weighting [%]
1 100 100 12

2 85 51 27

3 75 33 25

4 65 19 31

5 Idle 0 5

An EPA snowmobile emission number E is determingdding the results from Table 2 in Equation (3) /5
minimum E score of 100 is required to meet the cate 2012 snowmobile emissions standards. Thegeer
weighted emissions for (UHC+NOXx) and CO cannoteetpely exceed 90 and 275 (g/kW-hr). One-hundred
points are assigned to teams achieving the minimamyposite score, with additional points given &nte
exceeding the minimum composite score, based ativelperformance. To meet the stricter NPS stalsglar
minimum emission number E of 170 is required, wR#HC+NQ, and CO emissions cannot respectively
exceed 15 and 120 (g/kW-hr) [6].

" 4 (

0/ )_

% &
The in-service emissions event was new for the Z08€, and returned as a viable event for 2010.gbia¢ of
the event is to determine the total gaseous emiss®msnowmobile produces during trail riding. Walihe
five-mode test, the event is designed to meastakdmissions. Competition organizers operate the
snowmobiles on a 3 mi (4.83 km) course while anssian measurement trailer collects HC, CO,CGd
NOy produced. Zero to 50 points are assigned to tém@®sd on total grams of emissions relative to kbenest
and dirtiest competitors [2].

Noise emissions were also a high priority for @, as both objective and subjective noise evakésplace
at competition. The objective noise test procedoitews the SAE J192 recommended practice. Duregtest,
sound pressure created by the sled cannot exceeB, #@hich is the standard set by the International
Snowmobile Manufacturers Association (ISMA). Teamseive 75 points for having a sound pressurethess
or equal to 78 db, and are eligible to receive npmiats both based on how far below the standaey #ne, as
well as from a separate subjective noise test.
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For the subjective noise test, recordings of ttwvsnobiles taken during the J192 test are played twaa jury
of CSC volunteers. One-hundred fifty points are ra@d to the team with the most favorable subjeativise,
while the least favorable score receives zero point

Achieving the three previous goals would be a heNactory if the cost, performance, or comfort bét
snowmobile were unreasonably compromised. Althdbgly are not the main focus of the CSC, teams ctampe
in acceleration, subjective handling, and objechigadling events in order to quantify performance a
handling characteristics of their snowmobiles. Hdev to pass the acceleration event, the snownsobéded to
complete the 500 ft (152 m) course in less thasek®nds. Each team gets two attempts, and the feseeis
used for scoring. Fifty points are awarded to Hetdst team, while the other teams receive poagsdon their
relative performance. The first handling event otiyely evaluates the agility and maneuverabilityach
competition snowmobile. A team member completegziddally timed consecutive laps on a designated
obstacle course. The fastest team receives 75spéiot the subjective handling event, professional
snowmobile riders will drive each competition snogbite through a course designed to evaluate ricditgu
Fifty points will be awarded to the winning teamthwthe other teams receiving points based on tieéative
scores.

A cold start test is also performed at competitiarorder to pass the event and receive 50 pantsymobiles
need to start within 20 seconds without the aidtafting fluids and move 100 ft (30.5 m) within first two
minutes. An oral presentation and static displagnéare performed by student teams in order toa@xpiow
their particular solution meets the needs of thérenment, the dealer, and the consumer.

Prior to the competition, a technical design repowritten and submitted by the students. Thigrepxplains
the challenges faced and modifications performethduhe design and construction period of the cetitipn
snowmobile. The following paper describes UW-Plaliigls design strategy. The first section addessthe
chassis and engine selection process. The seescadlies modifications to the snowmobile’s engine,
driveline, and chassis. The third and fourth s&xgtifocus on emissions and noise reduction teckriqiihe
paper itself addresses the combined modificatiomsi@yed to optimize the aforementioned technolqgies
respectively. Finally, the paper summarizes thraudative cost corresponding to a comparable stock
production snowmobile.

MARKET SURVEY

Practicality and simplicity are the guiding priniep for UW-Platteville’s clean snowmobile design.order to
successfully market to current snowmobile consunbesteam conducted a random survey consistid@bf
snowmobile enthusiasts located in the Northern @n8.Canada. This allowed the team to determira wh
gualities consumers deemed most important. THewaich was conducted on the Hardcoresledder (HCS
forum, asked volunteers to rank the attributes irtgmt to them when considering the purchase ofna ne
snowmobile. Emissions, fuel economy and perforreArandling were the characteristics voters werecsk
rate based on importance. The results, showngar€il, display that performance/handling influeadmiyer
noticeably more than either fuel economy or emissio
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Most Important Attributes When Purchasing A New
Snowmobile (5 is most important)
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Figure 1: Results from a survey conducted on thelétaesledder website showing performance/handsinige
most important attribute when purchasing a new snolile.

Snowmobile industry sales numbers for the 2007 et further verify the poll results. Ski-Doogdaision
of, Bombardier Recreational Products (BRP), exeklgibuilds high performance, lightweight two-steok
snowmobiles that have excellent handling and peréoice characteristics. As seen in Figure 2, Ski-Do
showed superior dominance in the market with 12n88fe total sales than Polaris, Arctic Cat or Yamaha

NORTH AMERICAN MARKET SHARE
YAaMAHA
16%
ERP
36.5%
FOLARIS
23.5%
ARCTICCAT | Change vs. 2006 |
24% -2 0% g-05%
tource: Dealermews &30 maes . 0.5% . 3.0%

Figure 2: 2007 industry market share in the U.8~ben the four snowmobile manufacturers.

ENGINE SELECTION

Given that the market survey results showed thaswmers demand a snowmobile that excels in perfarena
and handling areas, the team searched for endiaekad superior power to weight ratios. To assitte
engine selection process, the team conducted adeacwvey on Hardcoresledder, which had 120 vorste
share what engine type their current snowmobile &ad the engine option they would most likely pase as
their next snowmobile. The options listed in tlodl picluded: two-stroke carbureted, two-strokelfunjected,
four-stroke carbureted and four-stroke fuel injdctés seen in Figure 3, 48% of the participatiotunteers
stated their next snowmobile would be powered hyastroke, fuel injected engine.
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Figure 3: Results from a survey conducted on thel¢taesledder website showing enthusiasts wouligipee
two stroke fuel injected engine as their next snobie.

Other than 2007, in which a direct injected twmké proved to be more efficient, the past CSC cditiqes
have proven a four-stroke engine can be usedawsiobiles to produce a clean, quiet, fuel efficient
snowmobile [8, 9, 10, 11, 12, 13, 14]. Snowmobieissions testing, performed by Southwest Research
Institute (SwRI), also proves this point by statthgt commercially available four-strokes “...emit98
percent less HC, 85 percent less CO, and 90-9@peless PM” than conventional two stroke snown®bil
engines [15]. However, the demand for two-stroBegred snowmobiles is still very high due to their
excellent power-to-weight ratio, and new technologgtinues to emerge.

With the recent development of semi-direct fue¢ation, two-stroke snowmobiles have become capable
achieving fuel economy that matches or exceedsfi@atrrent production four-stroke snowmobiles, esitill
maintaining their light weight [11]. However, froam emissions standpoint, SDI two-strokes aresstlipar in
comparison to four-stroke engines. Table 1 showdlifierence in emissions produced and fuel economy
between carbureted two-stroke, electronic fuelctnpe (EFI) four-stroke, and semi-direct injectitwo-stroke
snowmobile engines.

Table 3: Emissions and fuel economy of two and fostroke snowmobiles at CSC [9, 10, 11].

CSC Year Engine Type CO [g/kWhr] | UHC [g/kW -hr] | NOx [g/kW-hr] | Fuel Econ. [MPG]
'03 Two-Stroke Carbureted* | 319.94 125.50 0.73 8.7

'04 Four-Stroke EFI* 99.84 11.48 23.33 15.3

'05 Two-Stroke SDI* 215.38 63.53 2.39 19.1

* Indicates snowmobile was control snowmobile

The high specific outputs that exist in signifidgiriéss mechanically complex two-stroke enginesved! for
them to have higher performance qualities than @vaipe four-strokes. These higher performancetmpsl
also allow for a more suitable torque curve forlhe#-type continuously variable transmission (C\¢Ujrently
used in the snowmobile industry [15].
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FINAL ENGINE CHOICE

Taking into account the previous information ane &pparent potential to vastly improve emissiores o
production two-stroke engines, the Wisconsin-Plateeteam decided to build a clean, quiet, highfgrenance
two stroke powered snowmobile. The most importemt of the teams design was to maintain the efgine
simplicity, low cost and excellent power-to-weightio while methodically reducing emissions andéasing
fuel economy.

The engine the Platteville Clean Snowmobile Teanidel to modify was a loop scavenged, semi-direct
injection reed valve, 594 cubic centimeter (cc)aXagngine. This engine is factory equipped withreed pipe
and Rotax’s Electronic Automatic Variable ExhawefR (A.V.E.) system.

The Wisconsin-Platteville team chose this engimarfaltiple reasons, first being its compliance tonpetition
guidelines, its performance characteristics indreadf two-stroke snowmobiles, and its readily éalalie
manufactured parts.

Figure 4: Cross section of a two-stroke enginelaimo the one used by UW-P [16].

Table 4: Rotax Engine Specifications

Engine Type Two-Stroke

Engine Details Liquid-cooled, eR.A.V.E.
Cylinders 2

Displacement 594.4 cc

Bore x Stroke (mm) 72 x 73

Exhaust Single

Fueling Electronic SDI

CHASSIS SELECTION

The University of Wisconsin-Platteville Clean Snoalile Team has selected the 2008 Rev-XP chassss, as
base for the 2010 competition. In 2008 BRP moveddbkshaft above the tunnel on the Rev-XP chassis,
allowing for additional foot clearance in comparido its predecessor, the 2007 Rev. This additicoah
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allows for a wider variety of riding styles, whiallows the rider better control and comfort. Thisn additior
to being lightweight and being available stock vilik «elected engine. Note the secondary clutch move
and forward, making room for the rider’s foot iretiigure below

Figure 5:Red outline shows the ridincosition and layout of the Rev, blue outline sholae Rev-XP [17].
SYSTEM MODIFICATIONS
ENGINE

Due to the naturally aspirated, twagtinder, Rotax 600 H.O. SDI's high power outputiaxcellent reliability
in stock configuration, the team concluded thatitihernal components of the engine need not be fireddor
the Clean Snowmobile Challenge.

FUEL SYSTEM

A requirement of this yearsompetition is to have the snmabile run on a fuel mixture of E20 through E
fuel. These fuel mixtures have shown to have arease in fuel mileage in automob [18]. Running these
mixtures meant a new fuelstgm conversion was needed. This additional fuatc®mplished though ¢
increased pulse duration and intensity of the tojsc After compiling previous year’s knowledgetm
additional research, the team decided that thedmesmost effective wa'o calibrate the fuel delivery syste
was to use a BoondocKeEF! fuel mamagement system. The Boondo« control box allows fuel adjustment
seven different RPM ranges as well as low, mnd high throttle positiongA five button interface allows fc
programming adjustments without the use of any auitht hardware. The Boondocker control box is reddy
inexpensive in comparison to other fuel managermgstems and is far more user friendly. The simplérols
of this system can be seen in Figureetow [1].

Figure 6 Boondocke® EFI fuel management system.
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In Platteville, Wisconsin, the only blends of feelld are E10, E25 and E85. With the guidelinethef
competition requiring the engine to be able tosarany blend of fuel from E20 to E29, the engine wwaed
on E25 due to the limited fuel blends offered ia #rea. Using the Boondocker EFI fuel managemestes,
the engine was tuned to stoichiometric Air Fueli®RéAFR) using an oxygen sensor in the exhaus.pip
order to accurately tune the engine for high amdlttad scenarios, the proper Air Fuel Ratio (AFR)
equilibrium needed to be calculated. Burning puhaeol would reach equilibrium at an AFR of 9:1,ilh
gasoline has an AFR of 14.7:1. To calculate theotiffe AFR, with a specific mixture of gasoline attianol,
equation 4 was used:

- /0122 3 ,-.22 3 "4 0122 3 -.15, 67—8 )

For example, the stoichiometric air-fuel ratio E®5 calculated from equation 4=13.2186:1.

Using this new air fuel ratio of 13.22:1 for stammmetric equilibrium, a new baseline AFR at wideenghrottle
(WOT) can be calculated. After a dyno sweep wadentn a stock Rotax 600 SDI, the baseline AFR alfwO
was found to be 12.5:1. To find the target AFRV&T for E25, the following equation was used:

TargetAFR atWOTongas sAFRof E25

TargetArR sAFRof gas

The new target AFR at wide open throttle is foumtbeé 11.24:1, and compared to the target on gasshiows
a required increase of fuel delivery by 10%.

CHASSIS AND BODY

The chassis of the 2008 Ski Doo Rev-XP is solid lagidweight, providing a strong platform to builde
remainder of the snowmobile. For these reasonbltineersity Wisconsin-Platteville CSC Team decided t
leave the chassis in stock form.

The body panels are constructed of a lightweighstat with foam placed inside for sound dampenirig
temperatures reached by the catalyst are muchighddr the plastic to withstand, so a more sulisthn
material was needed to endure the temperaturegdixge538° C. Aluminum was found to be the solutign
the team. This material was chosen because cdligmbe between a high melting point, light weigimigl heat
transfer rate. The catalyst produces a substantaather amount of heat than the stock silenceretore
ventilation was needed. Aluminum mesh was placed the catalyst to provide adequate airflow and
ventilation.

TRACK/SUSPENSION

To help increase driveline efficiency, the stockeseinch diameter track tensioning wheels wereaegd with
CNC billet aluminum ten inch diameter rear wheaksseen on the left in Figure 7. The larger diameteels
reduce the angular acceleration of the track bingiit a wider radius upon which to change direttioo
compensate for the larger diameter wheels, the teanided to purchase two tracks: both are 128 mahe
length and have pitches of 2.52. The pitch ofstieek Ski-Doo track is 2.86. The team then purcthasset of
CNC milled ten tooth drivers to replace the stoigheinchers, with a pitch of 2.52 to match the lriaéh tracks
purchased. Again, a bigger radius allows for a ésramount of time to change direction, reducingathgular
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acceleration. The effective drive ratio betweengtoek 8 tooth 2.86 pitch and a 9 tooth 2.52 piteine
calculated, and found to be nearly identical.

Figure 7: Ten inch CNC wheels with 128 inch traleit], quiet track ramps on the 13.5"x1"x128" trddkght)

Driveline efficiency was measured by connectinght amp electric drill to the jackshaft of theammobile,
while an ammeter was connected to the drill and tiseneasure the amount of current drawn to tuen th
driveline system. The first driveline test was coctgd on the stock Ski-Doo setup, with 6 in bogéels, 7 in
rear wheels, 8 tooth 2.86 in pitch drivers, an®'&1’x120” track weighing 31 Ibs. The drill pulle®l5 amps
for this setup. The second test was carried ouit avit5"x1.25"x128” track weighing 37 lbs, four X0Orear
wheels, and 2.52 in pitch 10 tooth drivers. Thisetithe drill pulled 5.3 amps. The final test wasducted
with a 13.5"x1"x128” track weighing 34 Ibs, two i®rear wheels, and 10 tooth drivers. In thislfieat, the
drill pulled 4.3 amps. Using the equation below,de¢ermined that to turn the track at a low cortstam, the
horsepower used was .663 hp. By our calculatisimgguiequation 6 we found that the 13.5"x1"x128tka@s
the most efficient, requiring a mere 66% of the pothe stock track, wheels, and drivers needs &pha at
the same speed.

90, <=, -9, 7> +4) ,)9 8 @
The efficiency of this setup was further confirmmdthree back-to-back 50 mile trail mileage rundqrened
with (first) the stock track, wheels and drivesedond) the ten inch wheels, ten tooth drivers, and
15"x1.25"x128" quiet track, and finally with the .53x1"x128" quiet track. The vehicle used to tés scenario
was UW-P's 2009 Ski-Doo 600 E-TEC, which has antidal chassis and suspension system to the team's
2008 Ski-Doo 600 SDI. The stock configuration rasulted in an average of 14 mpg. After boltingribey
track, drivers, and wheels in place, the maching seat out for another 50 mile loop. 21 mpg wasenaed
during this loop. However, after bolting the 13.5"x128" track in and completing the final 50 mit®p, 22
mpg was recorded. Fuel mileage demonstrated oériBbrovement. The trail mileage test results assuat
the static drill test performed was indeed accuyiate that our 13.5"x1"x128" track equipped witk targe
wheels and drivers is indeed the most efficierthefthree setups.

The advantages of our longer, slightly narrowerkrdon't just stop with efficiency however. An imdigte
improvement in ride quality could be felt, as tbader track tended to bridge the bumps and temaich better
than the shorter stock track. There was also meaadle traction with the longer track, as thetfomt on the
snow is larger than stock. The ramps placed otréto in figure 7 help reduce chatter and vibrattansed
from the idler wheels contacting the fiberglasssreganning the track, ultimately reducing noisaaHy, with
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a 1.5" narrower track the rotating mass is furtteattralized, yet again explaining and improving gain in
efficiency.

EMISSIONS

Over the years many design modifications have begate to improve efficiency and reduce emission wudp
two-stroke engines. However, simultaneous intradaf fuel and release of exhaust gases leadddss of
unburned hydrocarbons (UHC), and ultimately higdraissions output than comparable four-stroke esgine
This problem is perpetuated because two-strokenerfgel normally consists of a mixture of gasolamel a
petroleum lubricant. The latter material has @bigaverage molar mass, and is therefore lessezftig
oxidized during the combustion process than th&diggasoline.

A positive aspect of the two-stroke engine desgginat combustion takes place at a lower temperdan a
conventional four-stroke engine. The lower comioustemperature leads to an exhaust gas compodains
relatively low in nitric oxide (NG) emissions, but high in carbon monoxide (CO) amiduuned hydrocarbons
(UHC).

Pre-competition emission testing was performedguiainrankshaft mounted Land & Sea DYNOmite
dynamometer. Learning that untreated HC emissibtisecstock 600-SDI engine were significantly higtiean
the figures of past CSC winners, the team's ftegt $0 reducing emissions was the addition of algsit For
this, UW-P contacted Tikka Race (TR), a company $bacializes in fitting carbureted two-stroke &mak-
stroke engines with pre-burn catalyst systems. dppked a custom pre-burn catalyst and muffleresyst
specifically designed for this engine's operatiagditions. Three metal substrate three-way catabyst used
to reduce emissions.

The exhaust gas first passes through a mufflemtediteats the catalysts. From here, the exhaustseat
Rhodium catalyst. This facilitates the reductiorited nitrogen oxides to maximize the formation iefitfogen.
The exhaust gas is then passed over a secondstatedge of Palladium. This part of the catalyduoes the
residual hydrocarbon and carbon monoxide gas rengpaiter passing through the first Rhodium catalfs
100 cells per square inch (CPSI) catalyst (catdysiperates in parallel with a 400 CPSI catalgatdlyst 2),
that operates in series with a 300 CPSI catalggalygst 1). Upon engine startup, catalyst threleéigvithin the
first two minutes. In the following two to four mites, catalyst 1 and 2 will light. As shown in Te#|
installing of the pre-burn catalytic after-treatrhamtially reduced HC emissions by 80 %. Optimgitine fuel
injection system through more tuning will resulteven greater reductions in emissions.

Table 5: Emissions data during dynamometer testing.

Emissions (ppm)

. Untreated | With TCS Catalyst
Mode Point | Speed (RPM) HC | NO.| HC NO,
1 8000 5000/ 530 | 1000 70
5 1500 4500/ 58 |1 30

Optimizing the efficiency of a three-way catalystjuires the entering exhaust gas to oscillate lestwkghtly
rich and slightly lean. Since the pre-burn TR gathis designed for carbureted engines, it doeslepénd on
the fuel system to create this scenario. As showkigure 7, the catalyst itself alternates betwaéw
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temperature of 676°C and a high temperature of®0€reating a slightly rich and slightly lean okatibn
pattern [20].

Figure 8: TR catalyst operating at low temperaflet), and high temperature (right).

Figure 9: Conversion efficiency of NOCO, and HC for a three-way catalytic convertea &snction of
exhaust gas air/fuel ratio operating on gasolirig.[2

Figure 10(left): Trail testing of the pre-burn dgth system. Right: Thermal image of pre-burn getiadiuring
UW-P emissions testing.
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NOISE

Once an initial sound clip of the snowmobile at @&PM was recorded on the loudest side of the skmahd
testing was done in a controlled environment tausmaccuracy of both the equipment and the maseifizich
test had a duration of one second at 1000 samplesepond. Figure 9 shows a material testing proeco
test different materials.

Figure 9: Schematic of the material-sample tesfigoration.
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Figure 10: Graph showing sound reduction relativenaterial.

Noting the results of this controlled test, UW-Rsh to use fiberglass and plastic panels with Dytam
Extreme material on them, as these two options Werenost practical for the team while reducingrtiust

noise.

COST ESTIMATE

Advancements in technology currently implementethemautomotive industry are finally making theayw
into the snowmobile and recreational vehicle indudtiowever, utilizing these advancements haveinoat
to increase the cost of snowmobiles on a yearlisbahe Manufactures Suggested Retail Price (MS&P)
stock 2010 Ski-Doo MX Z Adrenaline” RotaX’ 600 H.O. E-TEC is $9,699.99. After the modificatcdhe
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Wisconsin-Platteville Team did the MSRP would bised $5,123.25 to a total of $14823.24. Justiftcatn
the increase in the MSRP is shown in its flex ftagability, chassis modifications to improve safefyveline
modifications to greatly improve efficiency, anddéwnal components used to reduce emission argenoi
outputs.

CONCLUSION

Through exhaustive research and development, tivetsity of Wisconsin-Platteville has produced a
performance oriented and environmental friendlyanobile that can run on any ethanol blended fuekben
E20 and E29. Keeping consumer performance reqemesnin mind throughout the design process reqtired
team to develop innovative solutions that woulchboiintain the manufacturer’s performance and dlitsab
requirements while surpassing the EPA’s 2012 enmssiandards. Thanks to the addition of a prebatalyst
system the, 2008 SnowGoer Magazine Snowmobileeof#ar can now tour all environments without
damaging them [22].
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