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ABSTRACT

The 2010-2011 University of Maine Clean Snowmobiam is entering the 2011 Society of Automotive iBEaegrs Clean
Snowmobile Challenge with a 2007 Yamaha Phazehidgmbeen modified for improved exhaust and naisestons, fuel economy,
handling, and aesthetics through the use of atyasfemethods. The stock ECU for the 499cc fouolstr Genesis 80F| engine has
been replaced by a MicroSquirt system that alloevematibility with a range of ethanol-based fueld aptimization of emissions
dependent on air fuel ratio and engine timing.rifat exhaust gas emissions are further reducetidwaddition of a pre-catalytic
converter and catalytic converter in the exhaustesy. The cowling and the clutch cover have bedesigned for aesthetics and
noise control.

INTRODUCTION

The Clean Snowmobile Challenge began in the wiot@000 in Jackson Hole, Wyoming in response taviyrig concern in
Yellowstone National Park about how snowmobileseNgaving a negative effect on the environment éndtea. The goal was to
have universities compete against each other biypeadng snowmobiles that could be ridden on grabinails throughout the park
with minimal environmental impact. The event wasrggpred by the Society of Automotive Engineers@peh to all universities in
the United States and Canada. Teams put their snbils to the test in events that included handlgmgeleration, and hill climbs.
The competition was moved to the Keweenaw Reseecher (KRC) in Houghton Michigan in 2003 wereastremained ever
since. The 2011 Competition will run from March Z-kthere 15 universities will bring 20 snowmobil&sf which are zero
emissions, to compete in events that include thinig of exhaust gas emissions, noise levels, a@@n, handling, and endurance.

The 2011 University of Maine SAE Clean Snowmobileaflenge team brings to competition the 2007 YanRiezer it has inherited
from previous University of Maine design teams. P41 team’s approach to improving noise levetx-fuel compatibility, and
exhaust emissions are similar to those employguanious years which have had varying levels otess. The team seeks to
eliminate design flaws that limited the Phazer'scass in previous competitions, while also imprgwnnsumer appeal factors such
as performance, handling, aesthetic appeal, andmMSR

The 2011 University of Maine Clean Snowmobile Cotitjmsn team seeks to improve upon the placemergived in 2008 last time
the Yamaha Phazer first went to competition. Tdb&ows how the Phazer performed in each event.

Table 1: 2008 University of Maine competition résul

Event Score Place
Static Display 50/50 1A( Teams Tied)
Noise 231.2/300 3
Emissions 100/300 4
MSRP 27.5/50 5
Penalties/Bonuses 10 5
Cold Start 50/50 PASS (1 of 5
Successful Teams)
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Objective Handling 37.6/75 7
Weight 24/100 8
Subjective Handling 1.52/50 9
Acceleration 0/100 10
Design Paper 28.6/100 10
Oral Presentation 8.2/100 10
Fuel Economy 0/200 N/A
Overall 569/1475 9/12

This year the University of Maine Engine Controksaim has worked on improving the tune on a Micro$&€U allowing for
compatibility with a range of ethanol-based fuBleevious years’ teams replaced the stock ECU wiiticeoSquirt ECU in order to
enable easy modification of key engine softwaremeters that directly result in the ability to misnowmobile on ethanol-based
fuels, alter power levels at specific engine speadd improve emissions as necessary in ways tia mot possible with the stock
ECU. The addition of a pre-catalytic converter anthtalytic converter to the exhaust system hdstadghe MicroSquirt with
further reduction in harmful exhaust gas emissions.

To reduce unwanted noise and improve aestheticahipe 2011 University of Maine Noise, Vibratioasid Harshness Team has
worked on improving the cowling and exhaust deskgmowing that the Phazer passed noise emissiotisgen 2008, the redesign of
the cowling was driven largely by the need to inweraesthetic appeal. The exhaust has been redédaygely for the same reason,
however with the added goal of making a systemdhateasily be employed into production. To acdhins goal, the noise
vibrations and harshness team has designed thesbddanost entirely out of parts that are commdlycavailable, relatively
inexpensive, yet capable of improving the snown®til meet SAE Clean Snowmobile Competition starslard

UMAINE DESIGN

THE BASELINE SLED — The 2007 Yamaha Phazer was ehder its lightweight design, four-stroke engiaed acceleration and
handling characteristics. Sled specifications @aergin Table 2.

Table 2: 2007 Yamaha Phazer Manufacturers’ Spexifias [1]

EMISSIONS IMPROVEMENTS — The 2011 University of Mai SAE Clean Snowmobile Competition team decidacpove the
emissions of the 2007 Phazer by improving on previgears MicroSquirt ECU tune and incorporatingatalytic converter system

into the exhaust.
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Engine Type Four-stroke IC
Cooling Method Liquid
Intake Design 3-Valve
Fuel Delivery Fuel Injection, 43mm
Throttle Bodies
Cylinders 2
Displacement 499.2 cc
Bore & Stroke / mm 77 X53.6
Compression Ratio 12.4:1
Maximum Crank Power 80 hp
Dry Weight 474 Ibs
Suspension Travel F/R 10"/16.1”
Fuel Tank 8.1 gallons, E10
compatible




ECU Improvements- In order to achieve a more efficient engine funeew ECU had to be chosen to allow change oftigine
mapping. Bowling & Grippo's MicroSquirt engine cmitunit was selected due to its ability to suppbe Phazer's stock coil-on-plug
ignition setup, control timing, fuel air ratios,cits maximum engine speed of 11000 rpm. The Miqtm$ EFI controller also allows
for complete tuning of various engine parametegsired for attaining lowest emissions. It is aytdlssembled surface mount
technology fuel injection controller [6]. Surfaceumt technology is a method for constructing etagtr circuits in which the
components are mounted directly onto the surfageinted circuit boards. Printed circuit boards ased to mechanically support
and connect electronic components; they are inesipeand very reliable. Many other aftermarket E@uisnot fully customizable
and are significantly more expensive.

A GM Flex-Fuel sensor, model 12570260, has bednllad on the snowmobile to provide feedback toE#J on the ethanol levels
of the fuel flowing to the injectors in order to imi@in optimal engine performance and emissionsefsure ethanol compatibility,
the fuel pump and fuel lines were replaced witlapti-resistant items and an adjustable fuel presggulator was added. Several of
the OEM Yamaha sensors had to be replaced withuptimh automotive sensors compatible with MicroSig@nce the correct
parameters were set, the tuning process begarthetRhazer on a DynoJet chassis dynamometer.

MicroSquirt allows for complete tuning of variousgine parameters required for attaining lowest siwiss. This is done through the
use of MegaTune software which can be used in Wirsdgx/Me/XP. When MegaTune is loaded and commuinigatith the
MicroSquirt EFI Controller, the front page showghdiof the more useful gauges for monitoring thgime's performance including
engine speed, engine MAP, engine temperature, iafkaratio as shown in Figure 1.

[ 12000 0 100 0.0 255 10.00 19.40

In order to provide reliable feedback from the @e{g operating state, we chose to use a NGK PowekfiX wideband oxygen
sensor. This directly communicates with the Microi®geCU to ensure that the engine is operating #afe and efficient range. This
can be conveniently monitored in real time by viegva digital display air fuel ratio mounted on tteshboard. Several of the
Yamaha sensors did not provide signal output coiteatith the MicroSquirt ECU so they had to belaegd.

Fuel System Ethanol-blended fuels have been widely usedwayato reduce the rapid depletion of non-renewéissil fuels by
replacing a portion of the fossil fuels with ethhrsofuel made from corn. The reactive propertiestbanol require replacement of a
number of components in the fuel system due toridetdion of certain materials when exposed to rdha

To ensure ethanol compatibility, the fuel pump &rel lines were replaced with ethanol-resistamhgeand an adjustable fuel
pressure regulator was added. This regulator reciheehigh pressure from the aftermarket fuel ptorglevel safe for the stock
injectors and to allow efficient operation. Thelftank also needed to be modified from the stodi&llon capacity so that the
volume would provide adequate range so the teancétbd a new one from fiberglass. A special réi&im Dow Chemical’'s was
used to prevent a reaction between the fuel anddhmposite. A GM Flex-Fuel sensor, model 12570268, also been installed on
the snowmobile to provide feedback to the ECU @nabmposition of the fuel flowing to the injectokéicroSquirt is the first
aftermarket EFI controller with direct flex-fuelgoort. As the sensor detects varying compositidregh@mnol/gasoline mixtures,
MicroSquirt adjusts the spark advance tables ajedtior pulse widths by linear interpolation maintag optimal engine performance
and emissions.
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Emission Testing Over the past forty years automobile manufacsunave been mandated by the federal governmemothuce
vehicles to more and more stringent emissions atiguis. During this same time, small motor and posp®rts manufacturers have
been out of the emissions spotlight. For this readeese manufacturers have not put forth muchtefareduce the pollution of their
machines. In recent years automobile manufactin@rs been forced to spend an ever increasing anobumbney to research and
develop vehicles to meet new regulations while smator manufacturers have been under limited ggyuT he automotive industry
is looking to put pressure on these small engirepmwer sports manufacturers to help shift the $amfucleaning up emissions to an
area where limited development has occurred. Thedtsity of Maine Clean Snowmobile Challenge teaeid that within the next
five to ten years there will be an enormous pustedluce emissions from small engines, particulsmywmobiles and all terrain
vehicles. In order to reduce emissions of the 20@8mhaha Phazer to automotive standards, the teakedavith Random
Technologies to obtain two custom catalytic coramsrspecifically for this engines operating regime.

Emission Improvement ResuksTo a large percentage of snowmobilers, dirtyssions are not a concern. For this reason,
manufacturers have not put forth much effort taugedthe pollution of their machines. In order tduee emission to automotive
standards, the team worked with Random Technoldgiebtain two custom catalytic converters speaificfor this engines
operating regime.

University of Maine has found that implementingosteefficient exhaust system has greatly reducecthissions of our 2007
Yamaha Phazer. The stock setup was compared @fteamarket exhaust system using a 5-gas analyzksgecialized software
from Automotive Test Solutions (ATS) (Figure 2).

Figure 2 - 5 Gas Analyzer by ATS (Automotive Tektti®ns)

The emission testing was executed indoors, usiegntximum and minimum ethanol levels (E-29 and B&dpectively). The
Phazer was mounted to a DynoJet chassis dynamoraatermonitored closely during wide open throttlstitegy (Table 3).
Hydrocarbon emissions rose steadily until the géitatonverter lit off, resulting in a rapid decseain emissions.

Engine Power Torque (Ft-
Speed (HP) Ib)
(RPM)

Mode 1 (WOT) 11000 43.4 20.8

Table 3- Engine Operating Parameters for the 208maha Phazer during the emissions test

The testing procedure started without catalyst betwthe motor and the test probe to provide basdkita pertaining to the tune on
the ECU.

After fabricating an entirely new exhaust systera,had the ability to interchange our pre-catalyst eatalyst with test pipe sections

using custom exhaust clamps. The University of Magam repeated the emission testing to includssoms data for no catalyst
(figure 3), and both catalytic converters togef(figure 4).
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Figure 3 - 2007 Yamaha Phazer emissions testirly stitck exhaust
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Figure 4 - 2007 Yamaha Phazer emissions testiny pvit-catalyst and main catalytic converter
Results show drastic improvement using both catalffem the engine’s base emissions. HC levels mrdgrom a peak value of

around 3000 parts per million (ppm) without anyatgdt involved, down to a maximum of around 160@npphen both catalytic
converters were implemented. During the emissiessitvolving both catalysts, HC levels reachedvadf 54 ppm.
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REDUCING NOISE — The 2010-2011 University of MalBAE Clean Snowmobile team has focused on threeadstbf reducing
the nose emissions of the 2007 Yamaha Phazer.r€hs af improvement are the cowling, clutch comed exhaust.

For the 2011 SAE Clean Snowmobile Competition tinéversity of Maine team set the goal of firstly uethg factory noise emission
to below 72 dB as per requirement of the SAE J1idi&e emissions standard used for judging at cdtigpetSecond, the team
wanted to reduce the majority of noise emissionsdynd proofing the engine bay and avoid altettirggstock exhaust configuration
in hopes of making the machine more marketable.

The most challenging aspect of reducing the ndisesmowmobile is determining where the most n@sming from and what
noise is most unpleasant. Since rule 9.9.1 of 4 ZSAE Clean Snowmobile Challenge Rules statdgtra of noise testing is a
subjective sound quality assessment at a bystéocksion the University of Maine Clean Snowmobilealenge Team decided that
reducing engine bay, specifically clutch, noisesilddoe most important because a pleasing exhatstisito be desired [6]. This
reasoning led to the decision of adding most ofsttend proofing to the inside of the cowlings aedigning the exhaust to primarily
reduce emissions. Also, the most annoying freqesnziten emitted by an exhaust system are in tH20B(Hz region which has a
reduced effect when measuring sound using a-weigli#i pg 277].

SAE noise test events are performed using the SAEIStandard. Competition focuses on sound pressing A-weighted scaling.
The theory behind A-weighting is that it closelymids the hearing threshold of the human ear. Tdredstrd A-weighting curve is
seen in figure 5. It can be seen that the randeeqfiencies which are most influential for an A-gleged measurement is 1000-5000
hertz, making it most important to suppress thosguencies during the competition
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Figure 5: A-weight standard contour filter [4]

Cowlings— The majority of work performed by the noise aitttations group has been focused on the improesibd and
fabrication of the clutch side and hood cowlingat tivere made last year. The decision to remakeltitieh side and hood cowlings
was driven by the decision to abandon the use oihdmoard computer system that was part of thelaash. This resulted in large
amounts of unnecessary space in the dash of tlvensoioile where sound would have been able to estapethe engine bay.

For construction of the cowling pieces 2 oz fibasgl mesh backed by fiberglass chopped mat wasrchegbe predominant
construction material. Fiberglass was chosen $ogdise of use, ability to conform to nearly anypshatrength to weight ratio,
durability, and partial sound reduction qualiti€he use of fiberglass ensures that any piece aanstt will not react in a way during
an accident that could cause harm to the ridepopetition spectators.

To fabricate the new clutch side cowling a fematddwas fabricated from the old part to ensure prdjpment of the new piece on
the Phazer. This was accomplished by preparinguhace of the cowling from 2009 with mold releasex and then covering it in
fiberglass as seen in figure 6.
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Figure 6: The making of a fiberglass mold from 299 clutch side cowling.

Next a plug was created by filling the mold wittperding foam. The plug was then reshaped untilritomed the opposite side of the

Phazer as closely as possible with the idea thadr@ symmetrical look to the snowmobile would bstlaetically pleasing as seen in
figure 7.

Figure 7: The foam plug (left) used to create adrfol new clutch side cowling compared to the ofipasde (right).

An exact mirror of the opposite side of the snowiieolyas not achievable because of extra room redquw fit the primary drive of
the clutch. The plug was then covered in bodyrfikanded smooth, and covered in fiberglass tdereaecond female mold which
could be used to fabricate the Phazer’s final tlside cowling piece. The inside of the newly shibfeenale mold was covered in

fiberglass. The new piece was left to harden oghithiand then separated from the mold to obtairitighed clutch side cowling
seen in figure 8.
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Figure 8: The finished clutch side cowling (prepafer paint).

In order to fabricate the hood of the snowmobitenailar process was used. However, instead of usiag to create a whole new
look, the old hood was simply trimmed in strategjieas to result in a tighter fit to the snowmobhitel eliminate any unnecessary
spaces where sound can escape the engine baynfifradl the cowling pieces can be seen in figure

Figure 9: Improved look and fitment of the new dowlbieces.

The materials to be used on the snowmobile fortwafied sound reduction purposes have been testethmsetting using the Larson
Davis Model 831 sound level meter. Materials westdd by playing sweep tones from 100-16000 Hxusicomputer and stereo
speaker. Sound was played down a PVC tube at therialbeing tested and sound data was recordeibleudf the tube directly
behind the test material. The snowmobile has bestied using SAE J-192 standards. The average Axteeigound level produced
by two passes per side of the snowmobile with thely constructed cowling was compared to the snolil@avithout any cowlings
tested using the same method.

Exhaust Madifications- The exhaust on the 2007 Phazer was designegeisvith the idea that any modifications thateverade
to the factory system could be easily put into piibn. For this reason the University of Mane S@lean Snowmobile Challenge
Team has added only a pre-catalytic converter azatadytic converter from Random Technologies aseuan unmodified Dyno-
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max Walker Quiet-Flow silencer. The result of uspagts that involve minimal custom fabrication fitlment opposed to the design
of many competing teams is that our design couliipdemented into production without a significacldition to cost. An added
benefit from using both converters is the reductioharmful exhaust emissions and the reductiomoige produced by the engine.

A pre-catalytic converter was used this year bez#assmaller design allows it to be positionedseloto the engines exhaust ports,
therefore resulting in a shorter warm up period iamgroved cold start emissions. In addition thenées elected to use a catalytic
converter because it's larger size and abilityurther HC, CO, and NCemissions through oxidation [5]. The pre-catalytii
catalytic converters were custom manufactured byd@m Technologies and are only 3” and 4” in diamegepectively and 9” in
length and so that they both fit under the se@h@isnowmobile. The mounted catalyst system casebe in Figure 10.

Figure 10: Mounted Pre-catalytic converter (red loand catalytic converter (teal box) connectedatfiex pipe.

An unexpected problem encountered when adding-agiedytic converter as well as a converter is thatlength of the system
would have been deemed too long at competitionusecaf rule 4.2.5 in the 2011 SAE Clean SnowmdbBitallenge Rules. To
accommodate the added length to the system theustxhaaders were fabricated from scratch saving ih6hes.

The new design of the headers also allows for eepent of the O2 sensor 11 inches closer tortgame, and more importantly
before the pre-catalytic converter. The new plaggroéthe O2 sensor ensures that it is taking reggifrom gas that has not been
altered by the catalytic converter in any way. Thproved header design is seen in figure 11.

Figure 11: Redesigned headers and O2 sensor plateme
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For safety, the headers were covered with titaréuhraust wrap from Design Engineering Inc. This wilp reduce the amount of
heat that builds up in the headers of the exhabathilie directly under the gas tank. In additiorehaust wrap, a factory heat shield
is in place and the bottom of the gas tank has beed with heat shield rated for 1750 deg F ratifeat.

Clutch Cover- The clutch cover has been designed to fit cltsére primary and secondary clutch gears thavique year’'s designs
to allow for the fitment of a newly designed cowgithat is not as bulky. The clutch cover has bessigthed to meet and exceed
competition safety requirements. It has been coottd of T6061 aluminum and covered in Kevlar bglthat meets NHRA
requirements.

Originally equipped with a slim band aluminum abdive drive belt the factory clutch cover was destyto do little more than
protect against belt fragments during a blowout afffiered essentially no reduction in clutch noiBe.improve both a-weighted and
subjective noise testing by reducing the annoyiegdencies produced by the snowmobile clutch ti® 2iniversity of Maine Team
fabricated a cover that nearly encloses the edliteh system and padded it with deadening matélrfs new cover complies with
rule 4.4.7 of the 2011 Clean Snowmobile ChallengkeR Initial ideas were drawn up in Autodesk Ineerand edited until a
satisfactory drawing was obtained. The design weasured to fit an inch closer to the primary puieg four inches closer to the
secondary pulley when compared to the clutch cased in years past. The final drawing of the ¢tlutover complete with
dimensions is seen in figure 12.

21

x

Figure 12: Autodesk Inventor drawing showing diniens of initial clutch cover design.

After the clutch cover was designed, the team erkatcardboard mock up of the clutch cover to nsake it fit properly (figure 13).

Figure 13: Cardboard mock-up of the 2011 clutcherov
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The initial mock up of the desired clutch coverigesn cardboard proved to be a worthwhile ideaathnce Issues were found with
the Phazer’s frame above the secondary gear areloserected before construction of the final piddee finished clutch cover can
be seen in figure 14.

Figure 14: Fabricated 2011 clutch cover.

The final clutch cover piece is constructed of .08061 Aluminum. The inside has been painted witty4rs of Quiet Car and the
outside has been covered in Kevlar belting andhemdour layers of Quiet Car.

Noise Reduction ResultsThe noise reduction data on the 2007 YamahadPlhas be obtained using a Larson Davis Model 831
Sound level meter that has been generously loanti tuniversity for as long as it is needed f@s yleas competition. The 2011
University of Maine Clean Snowmobile Competitioarrehas measured the operating noise emissiong shttwmobile to an
accuracy of .1 dB using the LD 831 SLM.

Results of lab tests of the materials to be usesbimd proofing the snowmobile indicate that tipeiformance is well suited for the
task of reducing peak A-weighted decibel leveldy Hata in figure 15 shows that the Elemental Desgbead 80 when used in two
layers has the potential to reduce decibel levebupearly 50 percent and averages a reductiordibdl reading of about 35 percent.
The Kevlar belting that was used to coat the cletber had the unexpected benefit of reducing nesissions better than any other
material tested as a single layer. The informatiolfected in a lab setting provided informationttleal the noise and vibrations team
to use sound proofing on the cowling and clutchecan a way that was expected to reduce noise @nssn the snowmobile
sufficiently for competition.
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Figure 15: Lab tested noise reduction qualitiesofind deadening material used in cowling and clatmver design.

The results obtained from testing the ass

in Figure 16 represents only the effect of

embledigsvon the 2007 Phazer appear in figure 16 andata form an imperfect test
conducted on February 22, 2011 showed that measededtion in peak noise emissions on an A-weightesle had not yet met the
goal of being less than 72 dB. . It is worth notimayvever that the data was measured on a snowcstutfat had a crust capable of
supporting a 170lb person, but not capable of sdjpypthe snowmobile. In addition, the factory ewbiawas still in use during
testing. The crusted snow is likely the reasortlierunusually high peak A-weighted measuremenbimd pressure level. The data

the @ogd.
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Figure 16: Noise reduction effects of cowling pece

From Figure 16 it is evident that the cowl
due to circumstances beyond the control

average percent reduction in decibels thr
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ing piede have a positive effect on the noise emissibtise snowmobile. Unfortunately
of the smalvile team the potential full affect the cowlinglwave on noise has not been
measured accurately. Perhaps a better representditibe affect the cowlings have on noise reducisdfigure # which shows the
oughaufrdquency range most heavily weighted by an Agiméng curve.




Snowmobile With Cowling vs. Snowmobile Without
Cowling Percent Noise Reduction Clutch and Battery Sides
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Figure 17: Noise reduction throughout importantdfuency range of cowling pieces.
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The data for figure # was calculated using Equatiolt can be seen that throughout the entire rafii|equencies that are most
important for competition there is about a 5% reigducin noise.

SUMMARY/CONCLUSIONS

The 2011 University of Maine Clean Snowmobile Cotitjmen Team has applied traditional fabricationheitjues paired with
advanced 3D modeling techniques to improve upowique year's modifications. The project overal§leen a success with the
fabrication of a new clutch cover, clutch side dogy) hood, and exhaust system as well as signfficaprovements in the tune of the
engine. This year’s aim at improving the snowmdbitearketability has greatly improved with the aaih of an exhaust that doesn't
need extensive fabrication to create a silencenasy teams have, the additional ability to runrayesof flex-fuels, and through in
improved look of the new cowlings.
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