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ABSTRACT

The Hardrockers Clean Snowmobile Team of South Bagchool of Mines and Technology (SDSM&T) designed
and tested a zero emissions electric snowmobitdglaablend between performance and utility. HBGC -AC20
motor delivers 100Ibf-ft of torque while only reguig 15 kW all while operating at 6500RPM'’s. Thetoras
controlled by a Curtis 1238 motor controller whiekes in 80V direct current (DC) power and convirts 3

phase alternating current (AC). To further incretheepower and acceleration from the drive traiRA202 linear
actuators which can exert a combined force of &b used to drive an electro-mechanical contislyovariable
transmission (EMCVT). This EMCVT provides precisefting for desired speed and power distribution. A
Seeeduino Mega micro-controller is used to caléeatd control the EMCVT and allows for very finaing of the
shifting specifications. Because of these and neahgr implications in the vehicles design, the lesnowmobile
surpasses all of the National Science Foundati3F) design goals which would improve its userittia studies.

INTRODUCTION

The Society of Automotive Engineers (SAE), in parship with the National Science Foundation (NSEpated an
event in the Clean Snowmobile Challenge (CSC) 20 he goal of the event was to encourage thelolewvent
of zero-emissions utility snowmobiles in order helpport in scientific research. A number of envimental
research efforts taking place at locations sucBuasmit Station in Greenland and South Pole Statigintarctica
involve collecting samples of the air and snowdlmbal atmospheric pollutants which occur in leva&lparts per
billion. Attempting to visit or even approach thesdlection sites with any internal-combustion poggevehicle, to
include conventional snowmobiles, can significaigthyptaminate the measurements of the samples. dinen§
Station research facility even has extensive aaeasnd collection sites in which vehicular trafcprohibited due
to concerns about possible contamination from eéonss Because of this, zero-emission transportdtionesearch
facility personnel and equipment is needed to gaseperation of distant satellite camp facilitesl to improve
access to areas which were previously only acdedsibfoot.

In 2007, the Hardrockers Clean Snowmobile Teamoafls Dakota School of Mines and Technology (SDSM&T)
began development of a zero-emissions snowmobiteeddRamblin’ Wreck” and was entered into competiti
Since the 2005 competition, extensive testing efutthicle was performed in South Dakota and chahagddeen
made every year to improve performance and handlihig year, drastic changes were performed inraxbring
the “Ramblin’ Wreck” to honor.

BASIC DESIGN OVERVIEW

The Hardrocker zero emissions team has chosercts fon several secondary goals this year in deSlym CSC
competition has primary focus areas in Range, Towand Noise of the electric snowmobile. The CS0 al
maintains secondary focus in Weight, Handling, Btaintenance. This year’s team has addressed aibpyiand
secondary objectives by improving range from 3.lesnio an estimated 25 miles, Towing from 547.5db&
>800Ibf estimate, and Noise from 67.8dB to an ettt 65dB level. Weight has been reduced from 828Ib



<750Ibf, while maintaining near stock handling, andintenance intervals of 500 battery cycles. Apgyprevious
year's faults and oversights, this year’s teamduted the objectives of Serviceability, Modularagd
Performance. This was accomplished with quicklyaeable energy storage containers and quick cororectin
all electrical components. The team has used anmimi amount of mounting material and bracketry woatplish
attachment of all components. The full snowmobiik e able to be stripped to a serviceable coadith <30
minutes. The team has put Modularity and Performaasca focus because of the ever increasing testriaf
snowmobiles allowed in some state and nationalspdrke electric snowmobile as a rental with chaygitations
along the trail will be the option of the future fenthusiasts who want to explore these areasimwihter time.

ELECTRICAL SYSTEMSOVERVIEW

The South Dakota School of Mines and Technologynhade many changes to the electrical system this Jdese
changes were made while keeping the overall sys@gnclean and serviceable. There are two eneoyage
containers, one located under the hood and onémuyiatfong the tunnel. These energy storage comaprevide a
sealed containment for the batteries and battenagement system and all the safety features ndededoper
operation. They also keep a semi-stock look testtmvmobile. This is a big change from last yeagatdry
enclosure which was entirely sitting on top of thenel, which added weight to the rear suspensian a
compromised stock look.

The motor being used this year is considerably lemtdan last year’s model which also provides morder hood
room for the front battery enclosure. The motortadter is bit larger than last year but has besedito balance the
weight of the EMCVT which resides to the left oétmotor bay. The EMCVT itself will be controlleding linear
actuators to vary the drive ratio for certain rimtaél speeds of the motor. The auxiliary voltagel$ a big change
from last year. The SD-5 DC-DC converter is beisgdito provide a nominal 12 volts to all the lovitage
equipment on the sled including a micro-contrafkext will read in RPM’s from the motor. It also pides voltage
to turn the negative contactor on, which will hptpwver the motor controller.

MOTOR

Last year’s team used a series wound brushed PpQls@m 9 motor with the 1231 Curtis motor controllEhnis type
of motor was inefficient for the purpose it wasrgeised for. A DC series wound motor is only at8:1%
efficient. The motor itself is 17 inches long, ab@Q inches in diameter and weighs approximately ddunds. The
Impulse 9 filled the motor bay leaving no room émrergy storage or air flow. Because of weight grats
restrictions, this year’'s team decided to investnnrAC-20 motor package. This package include®@®&&0 motor,
the 1238 Curtis Motor Controller and the Spygla48 8isplay. The AC-20 is an induction type AC mdtuat is
powered by three phase AC voltage which is provigethe motor controller. The AC-20 weighs approxiaty 48
pounds which is 97 pounds lighter than last ydas. &lso about seven inches in diameter and lemtong,
leaving more space than last year. The AC-20 ntmsra rated continuous 10 HP but has a peak of56-lgure 1
shows the torque and HP for a range of RPM’s. Togor is around 89% efficient, which is a 5% inG@an
efficiency from last year’'s motor.
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Figure 1: Torque/Horsepower Graph for the AC-20 Motor
MOTOR CONTROLLER

The Curtis 1238 motor controller functions as areiter, which converts direct current potentiabitiiree phase
alternating current potential and as the compuatetife snowmobile, which is comparable to a coldrarea
network (CAN). This choice in motor controller widgal because of the voltage ratings of 24-80 Vamdent
ratings of 550-650 [2min] Amps. The motor conteolis powered by the high voltage pack by runniffigsad 10
amp low current wire to the motor controller thais back through the negative contactor whentitrised on by
the key. The 1238 actually turns the positive cctiataon after its pre-charge phase has cycled. ditasit
functions as a key safety feature in the snowmolite positive contactor cannot close if theredgpower to the
motor controller. This prevents the motor contmoffem getting burnt out from high voltage and et running
through. The 1238 also provides a digital outpu tlisplay that shows the RPM of the motor, theomot
temperature, and where the voltage level is, uskiD’s, much like a fuel gauge. The motor controtame with
the 1311 Curtis Programmer that can adjust a nuiithings for desired operating modes based omptingose of
the snowmobile. One example of this is adjustirggdpeed or torque range for different speed ane:pourves and
adjusting the percent of the voltage that can leel before the motor controller recognizes it angdsbff.

Figure2: AC-20 Motor and 1238 CurtisMotor Controller

DISPLAY

The display for the sled will use both the stocspthy system and a secondary display system. t©hk display
system will give the current speed of the slede $&condary display system will give current infation on the
electrical system. These two display systemsgiik all the information that will be needed to the sled.

The stock display system will give the current spekthe sled by using the stock speed sensor apthgl system.
It was determined to be easier to use than any sffstem to monitor the speed of the sled.



The secondary display system is a display screen the AC motor controller on the sled. This digplk able to
display multiple bits of data about the AC motohisTdisplay system can show the RPM of the motmrent temp
of the motor, and voltage the system is runningTdtis will allow the rider to monitor the AC motsystem and
assure everything is running properly.

MICROCONTROLLER

The micro-controller system contains two main congus. These consist of the micro-controller dredrotor
controller. The micro-controller is the heart bétsystem in that it is what decides how the systidhreact. The
motor controller is what is used to drive the linaetuators on the CVT. These two main componam@seeded to
control our Electro-mechanical CVT.

The micro-controller in the system serves two nj@lbs. The first job is to read in information frahe AC motor
controller. The information that it will be readimgis the RPM of the AC motor. From this informaeat the micro-
controller will decide if the linear actuators ¢vetCVT should be moved and in what direction.héf RPM is
above 3000RPM and the CVT is not fully in, the micontroller will send a command to the motor coltér to
move the linear actuators in. This will cause thargatio of the CVT to increase. If the RPM itohel500RPM
and the CVT is not fully out, the micro-controlleill tell the motor controller to move the lineastaators out. This
will cause the gear ratio of the CVT to decred$¢he RPM is between 1500-3000RPM the micro-cdferawill

tell the motor controller to hold the linear actuatwhere they are at.

By designing the system this way, it will allow dinuning of the CVT to give us the best performafinom the sled.
The way to accomplish this is to adjust the shift @nd shift in points of the CVT. Shift pointeatetermined by
changing the RPM values the linear actuators mavdhis will allow control of how the sled handeghout
having to design a new CVT for each application.

The second job of the micro-controller is to monttee actuator controller. The micro-controllermitors the
actuator controller to make sure that the mototrodler is running properly. That is that the wigi of the motor
controller is correct, that the motor controllenis over heating, or any other problems that motaitroller could
have. If there are any problems with the systeemticro-controller is set to put the motor con&plio a stop state
and to flash a general error light on the microtaodlter. If the system ever gets to this statsiit stay there until it
has been reset. This makes it so that if the sysenses any problems it will shut itself down ecting itself from
harm.

BATTERIES

There are many types of batteries available to@&yhese, only a few types are commonly used iatetevehicle
applications, these include Lead Acid (PB), Absatl@lass Mat (AGM), Nickel-Metal Hydride (NiMH), dmany
types of Lithium based batteries. Lead acid andvA&e more commonly used for high power, low range
applications such as fork lifts. The Lithium basexdteries are the most common battery found irtrédezars
because of their high energy density. Lithium-lbni¢n) batteries are the most common in this aggilon but can
be very dangerous because they can explode if dadndge batteries being used in South Dakota’s srahile
are Lithium Iron Phosphate (LiFe-Po4). This typéaftery was chosen because of their safety. Uhlikéum-lon
type energy storage, LiFe-Po4 are non-explosiveé dannot heat up rapidly under stress. LiFe-Potelias also
keep a very steady voltage until the end of théecljie, even in extreme cold or heat.

The 3.2V 100 A-h Tenergy LiFe-Po4 batteries weeedhes chosen last year. These batteries weregad-amto
one pack of 30 cells in series to create a 9.6 k¥vidrgy unit. This year, 5 cells were dropped te gis 25 cells for
80V and 100 A-h to adhere to the addition of tHé\Bh energy limit. As mentioned earlier, the LiFe4™s have a
very steady voltage life. A test was run to shois.tRigure 3 shows one cycle of the batteries mua ®C motor
that was drawing a constant 20 Amps. The testegliiearly to our pack of 25. The starting volta§eur pack is
80V and the motor controller runs at around 100sarfjpe voltage drops to about 60% of the startoltage by the



end of the cycle. This means that our pack will fasabout an hour at 20 mph which should givewnange of
around 20 miles.

Four LiFe-Po4's in series 100A-h Battery test
atconstant 20 Amps
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Figure 3: Battery Test Results

CHARGING SYSTEM

One of the issues with LiFe-Po4 batteries is déepging cycle. There is a certain charging cura diows for
the optimal charge of the batteries. The chargemgbased is the Zivan NG-1 that was programmechbyUnited
States’s Zivan distributor Elcon for an 80V 1004sdck of LiFe-Po4 batteries. The charger can be peivey
120/240V and also 50/60Hz power outlets. The chargurve for the NG-1 is shown below in Figure 4batery
monitoring system is being implemented, the eLithigthiumate Master Monitor along with the 1PRO106I
boards made for the prismatic Tenergy cells. TheSBidIps keep each cell balanced with the resteo€giis in the
bank. The 25 cell pack was split into two banks with 8 cells and one with 17 cells. The BMS Wélep the
voltage balanced between each cell in the entiree%ack.
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Figure 4: Charging Curve



MOUNTING SYSTEMS

Because of space restraints in the front of théclebaused by battery storage, the mounting bitadke the
essential components had to be small and multigaepThe main components that needed to be mowstedthe
Curtis 1238 motor controller, HPGC -AC20 motor, BAlinear actuators, battery box, and the Seeedvega
micro-controller. The motor mount was machined fraplate of %2 inch 6061-T6 aluminum which was hblte
directly to the chassis of the vehicle using 6 gr8d3/8 inch bolts. This mount also supports thedr actuators
used to drive the EMCVT, as well as the front brgtteox which provides auxiliary voltage. The coligowas
mounted upright to provide direct access from ti@pdwer outputs to the motor and was held in plesieg a
bracket made from % x % inch square tubing th¥t isch thick. This positioning of the controller alallowed the
heat sink to face the outside of the vehicle tojpl® greater cooling. Because there were also mgaidncerns with
the micro-controller, it was mounted toward thenfrof the vehicle to receive as much air flow assille. It was
mounted to the chassis by a simply machined brankele from ar/ inch thick aluminum sheet.

DRIVELINE COUPLING

The coupling was chosen carefully as it must penfeeveral tasks at once. The coupling shown inrEi§uallows
the team to use any Polaris borne Continuouslyaééei Transmission (CVT).

This will allow for the use of a stock CVT for bugtgsavings for the team. The coupling must corttaérstock
Polaris driveshaft taper with a slight interferefitallowing for high torque transfer through thgstem. This must
all be done while simultaneously attaching to aekky/8” electric motor shaft. Because of the lighite
manufacturing capabilities available to the tedm,dhaft must have a milled key slot with a contajrsleeve fit
over the shaft to retain the key. This adaptemaléor the use of the team'’s selected Electro-Meidah CVT as
well as Polaris borne racing CVT's.

Figure5: Motor/CVT adapter

DRIVETRAIN

The drive train selected by the team this yeartivasise of an EMCVT. The decision was made based tie
selection matrix shown in TablebElow. As shown in the table, this was not the égjlianking decision, yet the
benefits not shown in the matrix were determinedddhe deal breaker in the choice of a drive train



While the cost and weight of the direct drive sysfar outweighed the EMCVT, the team felt that tipdimization
of efficiency over the entire range of operatiornuidbe a far greater benefit than minimally decedaseight. The
EMCVT will be controlled by the Seeeduino MEGA ndarontroller. This will be accomplished by measgrin
motor shaft speed as well as current draw fronetiergy storage containers. The current draw wilisged to
determine the torque rating the motor will be ottipg. The motor shaft speed will allow the teanofdimize
shifting for maximum efficiency when needed.

Table1: Drivetrain Selection M atrix

Comp | Versa Effici Actu | Service

lexity | tility | Cost | ency | Size| ation Life Totals
V-Belt
Mechanical 7 6 8 3 5 7 7 149
V-Belt EM 6 9 7 5 5 8 6 2 165
Conical Chain
Toroidal 4 8 2 8 6 4 5 129
2- Speed
Transmission 5 4 4 8 5 3 4 113
Twin Belt
actuator 7 4 6 8 7 5 3 140
Direct Drive 9 1 9 9 9 9 8 1 167
Weight 4 6 5 3 3 2 1

The Progressive Automations Linear Actuators wé@sen for their 400Ibf linear actuation force adl ae the 4”
of travel allowed. The team has shown the line&wators will need a maximum force of 788Ibf axiatythe
primary clutch of the CVT. They will be rigidly corcted to the chassis of the snowmobile as wet #se bearing
plate of the CVT.
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Figure6: CVT Clamping Force

This bearing plate was manufactured to accept iR 57701X thrust bearing. This bearing allows a immaxn
axial force of 1000Ibf at a maximum RPM of 4700eTearing will be loaded at 788Ibf until 2650 rpahere the
motor will linearly drop in torque output. The A@2notor has a maximum rpm of 6500 which is 27.7¢bhér



than the maximum rpm of the bearing. The manufacturhen consulted, informed the team that theitgam
guestion would have a 7400 rpm maximum when loade®00Ibf. When the motor is at high rpm, as shawn
Figure 6 the axial force drops well below the 2@init to allow the bearing to function at highgrm.

This was determined using the derived equation (1)

T, =((2*F,*R,* w)/(Cos(w))) (1)

Where T is the Torque transmitted through the primaryisRhe axial force required to actuate the prim&pjis
the running radius of the primary clutghis the average coefficient of friction between thgch plates and the
torque transfer belt, andis the sheave angle of the clutch plates.

BATTERY BOX DESIGN

Previous designs for the battery storage contaioesisted of a single container holding all of bla¢teries. This
design was large, bulky and did not use the availsipace efficiently. This design also caused cesgary wear on
the rear suspension due to the large amount ofhivplgced on the rear of the machine. To imprireehialance of
the machine, remove some of the bulkiness and toetter use of the available space, the batteries git into
two separate boxes. This allowed the smaller bdetconcealed under the hood directly above themamd the
rear box to be changed from two batteries widen lmattery wide lying down. This made the boxadtthe
batteries much shorter and skinnier but it did epalightly longer. This is acceptable becausesttmvmobile will
be more comfortable, have a lower center of graavitg still have less weight over the rear shock tharevious
years.

The other main change made to the battery boxeshgamaterial used to make them. They were preljaunade
out of UHMW plastic. This was very heavy and herdorm. The CSC competition rules also dictat the
battery boxes are to ideally be electrically infinp mechanically robust, fireproof, and transpareThere must be
one layer of fire proof material between the drigad the energy storage container, a mechaniaalyst insulating
material between any live electrical parts and cetide portions of the container, and adequatesiral
robustness for the weight of the accumulator. Adres must also be able to contain a battery &aégilany time.

To meet all the stipulations set forth, make thedsaas light and space efficient as possible dhthstable to
manufacture the parts, the front and rear boxes werde out of different materials. The front be&xiade from
aluminum and lined with Nomex. The rear box is madth carbon fiber, fiberglass and foam.

The front box is made out of .063 sheet alumindrhe aluminum was cut, bent and then welded togéiher
student on the team. Aluminum was chosen for thetfioox for many reasons. The most important neass the
ease of manufacture. The initial intent was to thkebox out of composite materials but the desigine box due
to space limitations was too complicated to beifaslone with composites. Aluminum is the lightasd most
structurally sound material that the box could Blenout of. A solid works drawing of the front biexshown in
Figure 7.




Figure7: Model of the Front Battery Enclosure

The 1/8 inch thick 1 inch wide strip aluminum wakled as bracing around the open edge of the bexiaitial
analysis was done using Cosmos. The box would haleewith a factor of safety of 2 but the defleatin the box
was more than could be accepted. The final arslyas performed with the bracing in place and dlogor of
safety is 4.25. The areas of maximum stress arersin Figure 8. The front box was mounted toghewmobile
using tabs welded onto the box. The box will bidabto the frame and motor plate.

Modlel name: front box aluminum-2
Stucly name: SimulationXpress Study
Flot type! Static nodal stress Strese
Deformation scale: 33,9603
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Figure 8: Analysisof Front Battery Enclosure

Because the material used to make the front be&rg conductive, the box will be lined with Noméyomex is a
fireproof insulating material and will prevent aarcing between the batteries and the aluminum.fiiime and side
of the box will be made out of Lexan. This matevials chosen because it is fireproof, insulatingicstirally sound
and more importantly clear. This allows all of tennections and the battery monitoring boards teidesed.
Weather stripping will be used to seal out any tooés Using these materials, the front box is ablmeet all of the
stipulations set forth for battery boxes.

The rear battery box was made out of composite natgeThe choice to make the box using composites made
using a decision matrix. The decision matrix caséen below in Table 2.

Table 2: Battery Enclosure Selection Matrix

reliability | strength | weight cost conductivity | manufacturing containment aesthetics | total

Weight 5 4 3 4 5 3 4 2

Carbon-
insert- carbon 7 8 i 4 1l 4 B 9 198

carbon -
insert -
fiberglass 7 8 8 6 8 7 8 9 226

carbon fiber
with ribbs 7 7 9 6 4 5 4 i 181

uhmw plastic 8 8 2| 6 g B 1 206

©0

aluminum 9 9 4 9 2 g 2009




After the decision to construct the battery box @utomposite had been made, the correct layupeo€bmposite
material had to be determined. Many options wepseh ranging from a fully carbon box to a partiadybon and
partially fiberglass box to a fully fiberglass bard many in between. It was determined that thdénayer needed
to be fiberglass so that the box would be eledtyigasulating. The outer layer would be carbon du¢he extra
strength and rigidity that the carbon would givighe number of layers to be used in the making etibx was also
determined. The choice ranged from 1 inside andtgide to 3 inside and 3 outside. The materiak®for each
layer was also determined. Finally the core mdtats had to be determined along with its thiclenes

The program Abaqus was used to perform finite etgragalysis on the rear box. All the different lpyaptions
were analyzed using Abaqus. The best options weganzed into a matrix and the best option was ehoshe
matrix for this decision is shown in Table 3.

Table 3: Rear Battery Enclosure Layup Selection Matrix

strengt | weigh conductivi | manufacturin | containmen | aesthetic | tota

h t cost |ty g t s I
Weight 6 3 4 5 4 4 3
1C,.250f,1C 6 10 6 3 4 6 10 175
2C,.125f,2C 9 9 6 3 6 9 10 210
2C,.250f,2C 10 8 5 3 5 10 10 209
1C,.125f,1F 5 9 9 8 6 5 9 204
1C,.250f,1F 6 8 8 8 5 6 9 208
1C
1F,.125f,2F 8 7 8 8 9 7 9 232
1C
1F,.250f,2F 9 6 7 8 8 7 9 227
1F,.125f,1F 2 8 10 10 10 3 6 196
1F,.250f,1F 4 7 9 10 9 4 6 201
2F,.125f,2F 6 6 9 10 10 5 6 218
2F,.250f,2F 7 5 8 10 9 6 6 217

As the table shows, the layup chosen for the reaiida 1/8 inch foam core with 2 layers of fibagg on the inside
and one layer of fiberglass surrounded by one lajearbon fiber on the outside. This was the bestbination of
the strongest, lightest, cheapest, and easiesake part. The part was first drawn in Solid Workd ¢hen drawn in
Abaqus. Figure 10 shows the solid works rendesirtpe Rear box.

Figure 10: Model of Rear Battery Enclosure



The carbon fiber weave that was chosen was a @vdlzweave mat. This was cut and laid into plaehe mold.
There were two different types of fiberglass mahe two that were closest to the foam core wereZ2@oarse
weave and the layer on the very inside of the Bax® oz. fine weave mat. The coarse weave fibesgldl allow
the resin to flow to the outer edges of the paitelbe

The analysis was done using Abaqus and was extensithe rear battery box layup that was chosdre Vion-
Mises stresses were determined. The stress wadigdr in the handles and they are made with dagrars but the
program couldn’t handle that so they were remowethat the rest of the part would show more corstetss
contours. The displacements were also calculatddhaalyzed. This analysis was done for any plessi®nario
that the team could think of. The analysis wasdogted with the Lexan front attached to the boke Box was
analyzed this way because that is the only wayithdtl be used. The Lexan gives rigidity to tfient of the box.
The analysis was run without the Lexan front fa llasic carrying scenario and the box was proveatiitdold
together. The Lexan was removed from view afterdtenario was run to allow viewing of the resthef part. The
Von-Mises stresses for the carrying scenario withitandles in the box are shown in Figure 11. Vidwe-Mises
stresses for the carrying scenario with the hanai¢shown in the box are shown in Figure 12. displacement
magnitudes for the carrying scenario with the hasiaiot shown in the box are shown in Figure 13.

Figure 12: Von-Mises Stress Contour s without Handles



Figure 13: Displacement M agnitude

As the analysis shows there is a large factor fetgdor the rear battery box. The rear battery tdth the
fiberglass inner layer, Lexan front, and carboreoshell is a very light means of meeting all @& thipulations set
forth for the battery boxes.

CHASSISMODIFICATIONS

Last year’s vehicle design included significant iificdtions to the chassis such as removal of patieback
tunnel as well removal of the front strut towerd®s. This decrease in bracing caused the sway [metaturely
fail in last year's competition. Because of thise thassis of this year's vehicle was left intaitis will decrease
the amount of vibration in the vehicle as well atptkeep its structural integrity while in use. 38 very important
considering the added weight to the stock chaghis.stock snowmobile that the chassis was used eighs
roughly 600 Ibs, where this year’s design snowneohiéighs in at approximately 720 Ibs. This 120risfease also
proved the rear shock to be inadequate, so arssififing was added to compensate for it as wethasove
handling.

RANGE

Effective range of the snowmobile was determinddguseveral methods. First method was to use theatlv
efficiency of the system with the expected rangthefstock snowmobile. This was done by researdreaalysis of
the stock 2010 Polaris Switchback 600. The snowlaadbistock form achieves an average gas milead® af
mpg. A gallon of gasoline has an average energgdtwithin of approximately 12kW-hr. Using an awggaf 40%
efficient internal combustion engine it can be shdhat the snowmobile requires 4.8kW-hr of enemgdhieve
15.7 miles. Using the LiFePo battery pack with 10D&pth of Discharge capability, the team will havaseable
8kW-hrs of energy. This puts the snowmobile ircktfiorm at a range of ~26 miles. This shows whattdam
should achieve given near perfect conditions angpeaent.

Using a more qualitative approach, the team usidesfcy modeling to determine power required \®wpr
available. As shown from the efficiency model igiiie 14, the efficiency of the electric convertadwmobile was
determined to be 68.8%. This is an over 15% impre@ over the stock snowmobiles efficiency modebn
testing on the previous chassis, it was determinatithe snowmobile requires 6.4kW-hr of energgtmph. This
gives the snowmobile a 25 mile range. This isne lvith the early range predictions.



System Efficiency vs. RPM
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Figure 14: System Efficiency
EFFICIENCY

Efficiency modeling of the snowmobile was done thghbout the entire system to get an estimate ofdfeired
power for the snowmobile. The AC-20 electric mdias an efficiency of 89% when run at 2000 rpm. Thike
highest efficiency for the motor and controller kage and was chosen for the optimum rpm for thgeavent.
The EMCVT when actuated with slip prediction anatcol can achieve a maximum efficiency of 93%. Besgathe
team has not yet perfected the slip predictionesgsthe maximum efficiency of the EMCVT, as showirigure
14, was given to be only 86%. This is attributedhi team choosing a slightly higher clamp forcaltow a safety
factor against slip of 2.5. Allowing the chainwrifrom jack-shaft to track-shaft to have the statled efficiency
of 90%, the snowmobile team has shown that 68.8%atiéry energy can be transferred to the trackofavard
motion of the snowmaobile.

PULLING CAPABILITY

The previous chassis configuration allowed for Bimyability of 547.5Ibf. This was accomplishedtivian Impulse
9 Series wound DC motor and a direct 2 to 1 synubue belt drive. This allowed for a track shafgtoe of 82Ibf-
ft. This year's design has a ratio through the G\l chain drive equaling 4.96 to 1. A motor torqti&0Ibf-ft has
been estimated. Mating this to the drive ratio effitiency model of the system, the team has aimastd
178.41bf-ft of torque at the track shaft. This rsiacrease of 218% from the previous year. Usisfater track, slip
will need to be monitored and controlled through 8eeeduino Mega micro-controller. Allowing for immal slip
and maximum torque transfer, the team is expeetidgaw-bar pull of >800Ibf this year.



SAFETY

The safety protocols in place are currently workivedl. SOP’s are in place for all projects on thewwmobile.
Team members that will be working with machineryéngone through CAMP’s machine safety training.d2esh
has been completed for insulating certain handstfmyl safety while working with electricity. Instilag tool dip
was purchased and a set of insulated socketsysliavE extensions were manufactured. Two pairtass®©0
NOVAX rubber gloves were purchased. The team hdtipteisets of standardized safety glasses, faigddshand
gloves, organized into the rolling tool box.

PROJECT MANAGEMENT

This year the Industrial Engineering student ontéaan will be heading up the project managemeiis iE the first
year with a project manager on the team. With tiraglete systems and the multiply parties involvebuilding
the snowmobile the management is very busy keepiegyone on track. Each week we have a senior mléssgn
meeting and a full team meeting, at these meebogdgeting and scheduling is updated. The budgé&tikgpt in a
Microsoft Access database and also in an excehdphkeet, the project scheduling is kept in a mmMicrosoft
Project Gantt chart.

SUMMARY

The Hardrockers Clean Snowmobile Team of South Bagchool of Mines and Technology (SDSM&T)
successfully designed and tested a zero emissiecisie snowmobile for use as a zero emissiontytiehicle at
various research facilities including Summit Statio Greenland. Its innovative design which inclsida electro-
mechanical CVT provides a large range of torquealsas increased acceleration. The newly integr&€ motor
provides longer ranges of performance from the 8Hdithium Iron Phosphate batteries and will rymta 20
miles on a single charge.
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