South Dakota School of Mines and Technology Electric

Snowmobile

2008 SAE Clean Snowmobile Challenge

ABSTRACT

The Alternative Fuel Vehicle Team at the South Dakota
School of Mines and Technology took on an unfamiliar
task once again this year. The team designed and
manufactured a zero emissions snowmobile to compete in
the 2008 SAE Clean Snowmobile Challenge. The
snowmobile was designed following the fundamental
requirements set forth by the team. A design was
selected that fit within the constraints. A full analysis to
ensure safety and durability was completed before
manufacturing could begin. The snowmaobile’s systems
were designed with the main focus being on safety and
secondary focus based on optimal performance in
acceleration, handling, and appearance. The completed
systems are clean, efficient, and can be easily
incorporated into any commercially available snowmobile.
Testing has proved that the SDSM&T snowmobile
performs well in the areas of acceleration, handling, and
drivability.

INTRODUCTION

The Alternate Fuel Vehicle team consists of diverse
engineering students at South Dakota School of Mines
and Technology. These students have designed,
analyzed, and manufactured an electric snowmobile and
are competing in the 2008 SAE Clean Snowmobile
Challenge.

As a member of the Center for Advanced Manufacturing
and Production (CAMP) at SDSM&T, the AFV team has
had a long standing history of designing alternate fuel
systems which have included solar and hydrogen powered
vehicles. In October 2006, the team decided to take on a
new project which took the form of an electric
snowmobile. It was seen early on that resources such as
time and money would be hard to obtain, but the team
was up for the challenge. The 2007 snowmobile was built
on the 1995 Indy XLT chassis and took second place
overall in the 2007 SAE Clean Snowmobile Challenge.
This year the team has yet another challenge with the
addition of a new chassis, which will allow the team to get
off to a fresh start. In October 2007 Polaris Industries
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donated to the team a 2007 touring snowmobile chassis
based on the new IQ design to work with for this year’s
competition. This year’s team is still challenged with a
limited budget, but the future looks promising with the
addition of a new chassis design along with improved
electronic technology.
The initiation of this project has provided the team with
newly acquired team members and faculty. Along with
this, and due to the well defined competition, the future of
the team looks very promising. The goal of the team is to
design, build, and test a high performance zero emissions
snowmobile to promote academic and public interests, in
addition to competing in the SAE Clean Snowmobile
Challenge. As this being only the second year SDSM&T
has built a snowmobile, these objectives were followed for
competition:

e Provide a competitive snowmobile that

demonstrates the viability of alternate fuel
e Obtain a benchmark for future design teams
e Present a vehicle that runs at its most efficient
ability
e Be competitive in the 2008 SAE CSC

With the knowledge obtained over the last year from the
design and competition results this year’s team will be
able to follow and improve upon previously used
technologies.

As greater interest is seen for zero-emission vehicles, it
follows that the new advances in electric power will be
more readily available and incorporated into the team’s
upcoming designs.

REQUIREMENTS AND CONSTRAINTS

As with all types of designs, there will be constraints to
deal with. The AFV design team focused its design
direction on eight fundamental requirements. The
engineering was done by finding the best design available
within the given constraints. The decisions regarding the
selection of components were based on the desired
results agreed upon by the team. The topics are listed in
Table 1 and are weighted according to importance.



Table 1: Snowmobile Criteria

Topic Ranking
Safety 1
Performance 2
Range 3
Reliability 4
Weight 5
Cost 6
Availability 7
Appeal 8
SAFETY

Safety is always first and foremost in every design. The
machine will need to be designed so that it is safe for the
operator as well as any bystanders. The designers are
liable for the safety of anyone who comes in contact with
the snowmobile. All moving components will have to be
adequately contained within the protective shell of the
snowmobile. The object is to keep the rider in full control
of the snowmobile at all times. The stock headlight was
retained to maintain rider visibility; the tail light was
replaced with an LED which will increase visibility and
decrease power consumption. In the event of an
electrical or mechanical malfunction, a kill switch is
located in the stock position on the right side of the
handlebar and allows the driver to shut down the machine
at any time. A tether switch is also used in the event the
driver should fall off of the vehicle while in motion, which
will reduce the chance of injury from the snowmobile
continuing forward unmanned. All  high voltage
connections were covered in red which will alert anyone
who will work on the snowmobile that there is a danger as
well as isolating the electrical connections. Fuses were
installed in easily accessible locations in the event a
malfunction or short should occur throughout any of the
circuits on the snowmobile.

PERFORMANCE

The team decided that performance of the snowmobile
should be similar to that of an internal combustion (IC)
powered snowmobile. Some important criteria limiting the
performance are the overall weight of the snowmobile,
torque and horsepower output of the motor, battery
current capabilities and motor controller tolerances. All of
these were taken into consideration during the design of
the snowmobile. When focusing on increasing the

acceleration performance, the range of the vehicle will be
adversely affected. The range of the vehicle will be
improved by the utilization of Lithium lon batteries that
offer a much higher energy density when compared to the
previous design which incorporated lead acid batteries.

RANGE

Range is important, but has limitations due to the nature
of the competition. Battery capacity is the main limiting
factor that extinguishes any chances of being able to
compete with the range that an IC based snowmobile is
capable of. In order to get the battery capacity required to
attain IC snowmobile ranges the weight of the snowmobile
must also be increased. Due to the limited space
available and the load carrying capabilities of production
snowmobiles this range is not yet attainable. Range was
ranked as top concern, but acceleration performance will
be more of a main priority.

RELIABILITY

The vehicle must be reliable in order to be a practical
solution to the problem presented. The vehicle is
expected to consistently perform as expected with no
repairs and limited maintenance. A well engineered
product should be inherently reliable. The team focused
on this aspect of the snowmobile so that the team would
not have to open the hood during competition and
therefore not forfeit any points.

WEIGHT

As any snowmobiler will state, weight is critical to
performance. A team goal has been set to only keep the
weight of the completed snowmobile comparable to that
of a complete internal combustion snowmobile. This is
very critical design criteria since the weight affects nearly
all areas of performance. A weight between 700 and 750
Ibs was sought for the completed machine. Weight is
ultimately dependent upon battery selection. Although
some consideration was taken to select a motor with
relatively low weight, a high torque and high horsepower
motor was desired by the team to meet the given criteria.
The heaviest component of the design still remained to be
the battery pack.

COST

Another main concern of the team was the limited budget
that was available. The focus is to design a snowmobile
that can be manufactured with a cost that is comparable
to that of a current production IC engine snowmobile.
Due to team restructuring, there were no initial donations
or prior support which would aid in additional funding.
This severely limited the components that could initially
be purchased. Consequently, the team gave special
emphasis upon the upgradeability of the snowmobile for
future competitions. Time constraints did not allow for
fundraising since the team had to focus on manufacturing
a complete design in limited time constraints.



AVAILABILITY

Availability ultimately affects every decision made for the
selection of components since a part that is not available
in a timely manner cannot be used in an overall design.
Some components are simply not available to the general
consumer or were backordered at the time they were
required. More advanced technologies are not only
difficult to attain, but are also cost prohibitive. Certain
technologies will become more available in the future, but
are simply in the prototyping phase. Availability also
affects the ability to repair the vehicle once it is in use.
Commonly available items were used in order to ease any
necessary repairs. This criterion also includes
manufacturability. One aspect of design was selecting
components that would be easy to manufacture with the
resources the team had readily available, while also
considering the availability of materials for manufacturing
on a commercial scale.

APPEAL

The vehicle must be aesthetically pleasing for several
reasons. This increases the possibility of future donations
and sponsorship to the team. Part of creating a good
product is also making the product presentable, therefore,
displaying the professionalism of the team and making
the product look enticing to potential consumers.

ENGINEERING PROCEDURE

Engineering of the snowmobile has taken place over a
very short period of time for such a novice team. During
the fall semester the team was encouraged to integrate
concepts from all areas of engineering into the designs.
During that time, the team learned about the
fundamentals of the design process, specifications,
decision making, and preliminary design. The team
focused on the major areas that would be crucial for the
performance of the machine. This began with
brainstorming to come up with at least ten possible
concepts for each area no matter how far fetched they
seemed. Many times with design, these far fetched ideas
turn out to be a very feasible solution. Then a weighted
design matrix was constructed for each set of design
concepts and can be seen below in Table 2. An example
of this can be seen with the team’s issue of transmitting
power from the motor to the track.

Table 2: Example Decision Matrix

&
Ideas &

10%)
IDirect Drive 5 4 2 4 2
IMultiple motors with
Gears 1 2 4 2 3 2 1 2.55 9
Conventional CVT 4 4 5 4 5 5 2 4.3 1
|Electric CVT 2 4 4 4 5 5 2 § 365 2
Transmission Manuall 2 3 4 5 4 2 3 3.55 3
IPlanetary Gear box 2 3 3 4 4 3 1 2.9 8

Automatic
Transmission 1 4 3 3 4 5 3 3

Chain Drive 5 4 2 2 3 2 4 2.95

This matrix gives different designs versus the
requirements and allows for a degree of importance to be
assigned to each design requirement. From this, an
educated decision can be made as to which design to
proceed with. A similar matrix was completed for the
major components such as the motor, motor mounts,
batteries, battery box, and various other components.

COMPETITION PERFORMANCE
ACCELERATION

Given the limits on battery technology, the team knew
that being able to construct a high performance
snowmobile that could perform over a long distance would
be virtually impossible. It was decided that much of the
focus would be put on designing a snowmaobile that could
perform similarly to an IC snowmobile for short periods of
time. Although range would be compromised there would
still be adequate results in acceleration, draw bar pull,
rider comfort, and cost. This meant that there would be a
smaller energy capacity of for the battery pack, but was
found to be sufficient for the distances needed to be
traveled for the majority of competitions and the range
would be an increase over that of last years design simply
due to newer batteries.

DRAW BAR TEST

As previously stated, the focus of this project was
designing a snowmobile that would be able to perform
optimally for short periods of time. An electric motor has
a peak in torque at its lowest rotational velocity, so
utilizing an optimal gear ratio has allowed for an
increased towing capacity over that of an IC snowmobile.
Traction proved to be the limiting factor well before torque
limited towing capabilities at last year's competition.

COST




The snowmobile has been designed to cost less than
$12,000, mainly due to the team’s limited budget. This
shows that the components selected gave optimal
performance at a reasonable price. Consequently, the
team gave special emphasis to upgradeability of the
snowmobile for future competitions when there is an
increased budget available.

RIDER COMFORT

The incorporation of a Continuously Variable
Transmission (CVT) into the design of the snowmobile
allows for little to no shift shock during acceleration and
allows for handling comparable to that of a typical
snowmobile. The electric motor allowed for constant
torque and horsepower which allows the CVT to operate
in a similar fashion to that of an IC snowmobile.
Modifications to the suspension to compensate for the
added weight of the battery pack gave similar handling
and shock absorbance to that of a typical IC snowmaobile.
A lightweight seat was designed to fit the contours of a
typical rider which added to overall comfort.

COLD START

The mechanical components such as transmission and
chain case were kept stock so the only area of concern for
cold starting was the electrical system. The operating
range for the motor was found to be as low as -40
degrees Fahrenheit which was well below the conditions
the team would face. Cold Start tests were performed
previously with this motor on nights where the
temperature reached lows of -15 degrees Fahrenheit and
the motor performed flawlessly. Special brushes can be
installed in the motor for extreme cold weather operation.

NOISE

Noise is a major issue for snowmobile manufacturers and
enthusiasts, which only justifies the cause of designing an
electrical snowmobile. It would seem that reducing the
noise of the motor of such a machine would eliminate a
majority of the issue. The motor selected for operation
with this machine was found to be virtually silent. As
assumed, it was found that much of the noise resonated
from the existing and updated drive train. This noise could
only be reduced slightly and not completely eliminated.
Through testing it was found that the gearing being used
contributed to the noise but the majority resulted from the
track running along the runners on the hifax. To reduce
the noise of the track running on the hifax, bigger wheels
were put on the rear skid to pick the skid up off of the
track and thus reducing friction on the hifax. The team
also added a small amount of noise with the addition of
another jackshaft and a gear reduction unit.

RANGE

During the initial stages of design it was seen that
competing for top marks in range would be simply
unattainable with the resources available. A goal was to
design a snowmobile that would have performance

characteristics of a typical snowmobile for short periods of
time. The limited range has been compensated for by the
implementation of Lithium lon batteries because of their
increase in energy density over that of typical lead acid
batteries. These batteries will allow the snowmobile to
travel extended distances over what could be achieved
using last year’s conventional lead acid batteries.

DESIGN STRUCTURE

When looking at a snowmobile of any sort, it is seen that
there are many things contributing to its performance.

For this years snowmobile, all the minor components were
grouped into major categories. These main categories
consisted of the drive train, the chassis, and the electrical
system.

DRIVE TRAIN

Individuals working on this subsystem were given the task
of performing analysis on the original drive train and
making decisions on how to optimize its performance with
the new electric motor. The major issue was finding a
way to efficiently transmit power from the motor to the
track. After serious consideration of the multiple ways of
transmitting power, it was found that a CVT would best
utilize the low end torque while giving speed at higher
RPM. The team did find that tuning a CVT to operate
from 0 to 2700 RPM would be a bit of a challenge. Other
major decisions and changes in the drive train included
adding an additional gear reduction and using extrovert
drivers.

CHASSIS

The chassis team consisted of mechanical engineering
students who devoted their time to modifying and
reducing the overall weight of the snowmobile for
performance results. With the removal of the two-up
seat, a significant amount of weight reduction was
accomplished. Other components that were not deemed
necessary were also removed to gain minor weight
reductions throughout the snowmobile. This year the
chassis team focused their time on designing a battery
box to locate the six batteries and a seat to cover the box
and increase rider comfort. Handling, suspension, and
body integrity were also addressed by these individuals.

ELECTRICAL

The electrical team consisted of electrical engineering
students who took on the task of dealing with all aspects
of electrical system design. They ensured that the
electrical components performed well in conjunction with
the eight fundamental requirements and kept safety as a
top priority.



DRIVE TRAIN
MOTOR MOUNT

The design of the motor mount is based on last year’s
design which held up well under the loads put forth by the
electric motor. However, this year’s design consisted of
aluminum instead of the previously used steel because of
its weight advantages. The new motor mounts were built
from a flat sheet of ¥ inch 6061 aluminum for this years
snowmobile. The flat plates were designed in
SolidWorks® to follow the existing contour of the bulkhead
of the snowmobile. Along this contour the plate is bolted
solid to the chassis in no less than eight places on each
plate using 3/8 inch hardware. Along with the outer
contour each plate has a ten inch hole cut out where the
motor slides through and a bolt circle around this cutout to
safely secure the motor on each end. Along with not only
securing the motor solidly in place these bolt circles allow
spacers to be inserted and changed in order to make sure
the primary and secondary clutches are aligned during
operation. After final design both plates were machined
from aluminum stock in the CNC mill.

Stress Analysis

ABAQUS® was the program chosen to conduct the Finite
Element Analysis on the motor mount. Each side of the
mount was studied independently using shell elements.
First the weight of the motor (150 Ibs) was applied
vertically to the motor mounting holes. This was done by
applying 1/16 the weight to the 8 holes on each side.
Next the max torque capable of the motor was divided
equally among each of the mounting holes. The most
torque the electric motor being implemented in this design
is capable of producing is 80 ft-Ibs of torque. Figure 1
shows the contour plot of the Maximum Von Mises stress
in the mount. Figure 2 shows the displacement plot of the
motor mount.

Figure 1: Contour plot of the motor mount showing the
Maximum Von Mises stress.

Figure 2: Displacement plot of the motor mount using
ABAQUS"® .

Table 3 shows the results from this analysis. Table 4 and
Table 5 show the convergence study that was conducted
for the motor mount.

Table 3: This is the maximum stress and factor of safety
that was found for the left and right side of the
motor mount.

Max Von Factor of Estimate
Mises Stress safet d Error
(psi) Y (%)
Motor
Mount 11510 3.13 4.69

Table 4: The Von Mises Stress convergence study for the
motor mount.

Max Von o
Mesh Nf)(j)efzs Eleiwoefnts Mises Stress Diffef)ence
(psi)
1 1365 1247 9.50E+03 --
2 2518 2355 1.02E+04 7.002938
3 5555 5315 1.10E+04 6.927985
4 9042 8738 1.15E+04 4.691573

Table 5: The Displacement convergence study for the
motor mount.

Mesh # of # of Maximum

Nodes | Elements Magnitude of %

Displacement Difference
(in)

1 1365 1247 0.07592 --
2 2518 2355 0.07607 0.197187
3 5555 5315 0.0761 0.039422
4 9042 8738 0.07611 0.013139




Frequency Analysis

To ensure that the motor mount would not be able to
resonate at any RPM that the motor was capable of
producing, a separate analysis was conducted to find the
first 5 natural frequencies of the motor mount. Figure 3
shows a graph of the convergence study that was done in
this analysis.

Natural Frequency Convergence Study
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Figure 3: Chart showing the convergence study found in
the frequency analysis.

As Figure 3 shows the lowest natural frequency for the
motor mount is well above 150 Hz. The operating RPM
of the motor is from 0 to 5000 RPM or 83.3 Hz. This
means that the motor is clearly not in danger of being run
at a frequency that could induce resonance.

Summary

The motor mount has been analyzed for all conceivable
methods of failure. First, the stress analysis verified that
the mount will be sturdy enough to withstand the rigors of
competition and everyday use. The frequency analysis
also assured that the motor mounts would not resonate at
any frequency expected to be produced in the
snowmobile. This motor mount should prove to be very
reliable component of the completed snowmaobile.

TRANSMISSION

After selecting the motor and batteries, additional
efficiency would have to be attained through the proper
tuning of the transmission. Almost every commercially
available snowmobile incorporates the use of a CVT,
which is a very important part in the overall performance
of the vehicle. This type of transmission is ideal because
it will allow the motor to be operated at a constant
rotational velocity. The most efficient operating
conditions of the motor can be found and attained by
properly tuning the transmission to keep the motor
running at that ideal point in the power band. In the case
of an electrical motor, it allows for a lower amperage draw
by giving a wide range of gearing. Since more focus was
put on efficiency of systems, a CVT was the initial design
transmission.

CVT versus Direct Drive Transmission

The CVT was weighted against a direct drive system at
the given gear ratios. The direct drive system would give
adequate performance, but wouldn't allow for the extra
low end torque accompanied with a high top speed and
low amp draw that the CVT could provide. In order to find
how to transmit the power most effectively, a closer
analysis was taken at the motor specifications from the
manufacturer as well as test data. The ideal operating
conditions can be found by observing Figure 4.
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Figure 4: Motor data chart showing how Mechanical
Horsepower, Torque, and Efficient drop dramatically with
respect to RPM

The above figure shows that the most efficient operating
points of the Impulse 9 motor occur at the lowest RPM.
This low RPM gives the highest torque, horsepower, and
efficiency. As RPM is increased, power is lost.
Therefore, the team decided the best transmission would
be capable of allowing the motor to remain between 1500
and 2700 RPM. This would be possible with a direct drive
system or a CVT. The problem with this becomes tuning
the CVT to engage around 500 RPM and be completely
shifted out by 2700 RPM. This is a problem since a
typical snowmobile CVT engages around 3500 RPM and
becomes fully shifted out around 8000 RPM. Thus, the
team decided upon using the Polaris P-90 primary clutch
and matching secondary clutch, which are designed for
lower RPM ranges.

Clutch Tuning

Since it is difficult to model the behavior of a CVT, the
team began by finding the theoretically best options for
weights and springs and began testing. First,
engagement at 0 RPM was thought to be the best option
since the electric motor does not need to idle. A trial of
using no spring in the primary with 10MH (50.5 g) weights
resulted in engagement speeds very close to 0 RPM.
Also, it was discovered that the motor did need to be able



to idle, so an engagement speed of 0 RPM was no longer
the goal; the new goal was an engagement speed of 200-
500 RPM. A blue/green spring (20 |Ib load required to
engage clutch) was used to change the engagement
speed to approximately 1500 RPM. The initial test with
10MH weights allowed the motor to spin at 5200 RPM,
which was higher than the desired peak RPM. Different
weights were tested and used to bring the peak RPM to a
lower range.

Gearing

To determine the correct gear reduction needed, the team
measured the torque required to turn the driveshaft with
the snowmobile fully loaded (including rider). The peak
torque measured was 120 ft-Ibs. With this, a calculation
was performed to see if the stock chain case could
provide sufficient gear reduction so the motor could turn
the track. Calculations using an 18 tooth sprocket and a
43 tooth sprocket (lowest ratio available) in the chain case
revealed that the motor would need 66 ft-Ibs of torque
when the CVT shifted out to a 0.75:1 ratio. Using the data
sheets from the motor, it was determined this was not
possible; therefore an additional gear reduction was
needed.

At the desired peak RPM (2700) the torque was
approximately 30 ft-lbs. With this, it was determined that
using the existing chain case and sprockets (2.048:1 ratio
using 21 and 43 tooth sprockets) an additional 2.605:1
gear reduction was needed. It was then decided the best
option to increase the overall gear reduction was to
implement an additional chain case on the clutch side of
the snowmobile. Figure 5 below shows drawings of the
design used. An additional 2.692:1 gear reduction was
implemented using 13 tooth and 35 tooth sprockets,
giving an overall 5.513:1 gear reduction.

a) Side view of gear reduction | b) Front view of gear reduction

Figure 5: SolidWorks® drawing of new chain case

The new chain case required relocating the secondary
clutch with a new jackshaft and connecting the new
jackshaft to the old one via chain and sprocket. It was
with this chain and sprocket set-up that the extra gear
reduction was obtained. It was designed so each sprocket
could easily be removed if need be. Each sprocket is
held on using keyways and set-screws.

CHASSIS
SUSPENSION

In order to properly tune the suspension an accurate
reading of weight distribution needed to be obtained. It
was found that the snowmobile without a rider put 185 Ibs
on the front right suspension, 210 Ibs on the front left
suspension, and 370 Ibs on the rear for an overall weight
of 765 Ibs. The goal weight of the snowmobile was given
as 750 Ibs which was not met due to the weight of the
battery pack and extra gear reduction. A view of the major
component layout and can be seen in Figure 6.
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Figure 6: CAD drawing of major components added to
the snowmobile shell

By showing a side view of the components seen in Figure
7 and by knowing the weight of each component the team
was able to get an approximate center of gravity for the
machine. The center of gravity of the snowmobile was
found to be in the front left quadrant of the battery box,
roughly six inches from the front of the battery box and
four inches left from center.

Figure 7: Side view of major components

Originally the team was looking into modifying the front
and rear suspension to accommodate the additional
battery weight, but testing proved the suspension to be
sufficient for the loads it would see during competition and
under normal riding conditions. This is due to the fact that
the snowmobile was originally a two-up touring
snowmobile which was built to accommodate two
passengers and the extra weight of a larger seat. Testing
showed that with a rider and battery pack with a total of
620 pounds on the back of the snowmobile, the
suspension barely deflected and still had full travel. With
that the torsion springs were adjusted to the high setting



to be safe and the rear shocks and springs were adjusted
to get the smoothest possible ride. The front shocks and
springs were tested similar to the rear skid. With the
weight of the motor and other electrical components
mounted under the hood, the front springs and shocks
had plenty of travel and, with a few normal adjustments,
were found to be sufficient for competition.

ROLLING RESISTANCE

The rolling resistance was reduced in the track by
removing the small bogey wheels on the rear and adding
an eight inch big wheel kit in its place. Bigger bogey
wheels were added along the rear rails to lift the track up
off the hifax, reducing friction from the track on the rear
skid. The addition of the extrovert drivers also reduces
friction, because the track doesn’'t have to be as tight. It
also requires less power to turn the track reducing the
overall system friction. Graphite hifax runners were
researched, but with the addition of the bigger bogey
wheels the current hifax were found to be adequate.

Skis

With the addition of a newer modeled snowmobile the
team considered the stock skis to be sufficient for the type
of conditions we would see at competition. As stated
previously the snowmobile was a touring snowmobile
which would mostly be confined to hard packed trail type
riding. The team decided that the conditions at
competition would be similar to the conditions of a
groomed trail, with little powder so the stock skis should
perform. Although our snowmobile is heavier than the
stock snowmobile the dual carbide skis performed well
during initial testing similar to that of trail riding.

Rear Skid

This year the team decided to get a good picture of how
the snowmobile suspension worked to help tune the
snowmobile. Previously it was more of a trial and error
type approach, which is used a lot by snowmobile
enthusiasts. This year instead of using the trial and error
approach the team modeled the “scissor” portion of the
rear skid in SolidWorks® to get an idea of how and what
changed in the skid as disturbances were added. The
rough model of the rear skid can be seen in Figure 8 as it
would be mounted to the rails on the bottom and the
tunnel on the top. The team looked at simulations both
with and without the rubber stops attached. The motion of
the shock could also be seen although it is not pictured.
From the basic model the team gained a basic
understanding of how different adjustments would affect
the suspension and the snowmobile was tuned according
with fairly accurate results. As more components are
added to the system a better understanding of the rear
skid should come forth in future years.

Figure 8: View of the “scissor” part of the rear skid.
BATTERY BOX

The battery box was modeled after last years design. The
design factors were cost, structural integrity, and weight
distribution of the batteries. Six batteries were placed
inside the insulated box. A model of the box can be seen
in Figure 10 and Figure 11.

&
Figure 10: Top battery box piece

A
Figure 11: Bottom battery box piece



The team determined the fiberglass battery box is the
best choice based on the following requirements:
e SAE standards
Light-weight
Self-sealed container
Ease to change batteries with quick adjustment
Driver comfort
Simple and aesthetically pleasing
Ease of manufacturability
Non-conductive

The battery box meets all requirements according to SAE
rules and standards. The box is made of fiberglass and
lined with a rubber lining, which is non conductive and
acid resistant in case of a spill. The box is also sealed
and vented. The team chose fiberglass as the material
for the battery box because it is light weight, inexpensive,
nonconductive, and strong. The biggest down side to
using fiberglass is the manufacturing process because it
is very time consuming.

The manufacturing process consists of many steps:
1. Design a mold

Build the mold

Sand and prepare the mold for the lay-up

Cut all material needed for the part

Lay the material in the mold

Build two vacuum bags

Set up resin traps and vacuum tubes

Mix resin and pull it through the material

Keep vacuum on the lay-up for 24-hours

Pull the part out of the mold after green cure is

finished
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The desired budget for the battery box was found to be
$150. This figure may seem low, but it was due to the
privilege of using the School of Mines Composite Lab
(CAPE). Time and material was donated to help
complete the seat. The team put about eighty-eight man
hours into the finished product.

Cost
» Fiberglass - Free
e 2100z. Epoxy Resin Kit - Free
e 3/8” Stainless Steel Pan Tapping Screws - $5.56
* Molding supplies - $105.00
e Total - $110.56

In order to determine the structural integrity of the battery
box an 18in by 18in plague was fabricated replicating the
same lay-up as the pieces. The ASTM 790 testing
procedure was used to determine the modulus of
elasticity. The testing specimens, from the ASTM 790,
were fabricated based on the depth of the material
testing. With length being either the larger of 16 times the
depth (.125*16 = 2 inches) and the width is one forth of
the length (2 inches/ 4 = 1/2 inch). The samples were
then placed in a three point bending test at a rate of .1
mm/mm/min until destruction and results were measured.
Statistical significance was verified with a minimum of 5
samples tested.

Since one piece was to be exposed to temperatures
different than those of a laboratory setting another
replication was conducted. The second replication
samples were taken from the same plaque, but were then
subjected to temperature conditions that would simulate
an environment that a snowmobile would be in. They
were placed in a freezer at -10 F. The pieces were then
subjected to the same three point bending test. Results
were then measured and compared.

With all the analysis it was found that the fiberglass
battery box would adequately serve the purpose of
insulating and protecting the batteries.

ELECTRICAL SYSTEMS

The basic requirements for completing the final product
are broken down into items shown in Figure 12. The
transparent box shows the requirement for a motor, power
converter, user interface, and a power source. All
components are found under these main systems.
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Figure 12: Transparent Box

Motor

Several motors were considered for this application.
Decisions were based on the following pairwise
comparison chart shown in Table 8.

Table 8: Motor Pairwise Comparison Chart

Goal Amps Efficiency  Torque HP Cost Weight

Amps PR 1 05 1 1 1 45
Efficiency 0 R 0 0 1 05 15
Torque 05 1 AR 1 1 1 45
HP 0 1 0 A 1 1 3
Cost 0 0 0 0 FEkbRE 0 0
Weight 0 05 0 0 1 R 15




The team decided to favor the performance side of the
competition and selected the Impulse 9 Series Wound DC
Motor. Figure 13 illustrates the specifications of the
motor supplied by Net Gain Technologies. This motor
has a larger current draw when compared to a DC
brushless motor. The DC brushless motor, however,
costs significantly more than the Series Wound DC motor
which eliminated this motor type as a viable option.

NetGain Technologies, LI.C

900 North State Street o Suite 101  Lockport, IL 60441 e 630-2430100 » (FAX) 630-685-4054 e hitp:/éwsvw. go-ev.com
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Figure 13: Manufacturers Motor Specifications (NetGain)

Motor Controller

The motor controller was selected based on availability,
cost, and compatibility. The Alltrax 7245 motor controller
was selected. This motor controller is capable of handling
72 Volts at a current of 400 Amps. One nice feature of
this motor controller is the ability to interface with a
computer for programming and output data. This motor
controller was recommended by the motor manufacturer
so compatibility is verified. A 0-5 kohm potentiometer is
used to control the throttle. The potentiometer is
designed to mount on the handle bar of the snowmobile
and has a spring return to mimic the stock thumb throttle.

Battery Pack

Battery selection is the most critical component when
building an electric showmobile. Results are hindered by
battery performance. A battery selection matrix was
compiled and can be seen in Table 9. Lithium ion
batteries are a desired technology when comparing
storage, performance, and weight classifications. The
main drawback to this technology is cost. Nickel metal
hydride batteries have similar costs and performance
characteristics when compared to lithium ion, however,
are significantly heavier simply because each cell only
has a voltage of 1.2 volts. The number of cells would
have to be increased to reach the desired voltage.

Table 9: Battery Selection Matrix (Free Energy News)

Energy Storage Selection Chart

Criteria Lithium-ion ki-hH Mi-Cd
Ervironmentally Friendly -
Auailability o
Price
Safety
Continuous Current Discharge
Magimum Current Discharge
‘Woltage
Fequired Batteries ta Achieve Yaltage
Capacity
Oimensions [L™w"H]
‘weight
Charging Time
: -
: | | E
. ceptability = = &
Indicates Unknown
Lead
Criteria Lithium lan Mi-MH Acid
Price per unit 495 9.69 154
Frice Tatal 3663 40698 15948
Continuous Current Discharge 2 35 500
Magimum Current Discharge H A0 A00
Total Maximum Pack Discharge 1517 350 1000
‘Woltage 3.7 1.2 12
Required Batteries to Achieve YWoltage [series] 20 0 [
Capacity [&h) 2.2 12 4
Fequired Batteries to Achiewe Ah [Parallel] av T 2
Total Required Batteries for 8080 T4 420 12
[9 Bi6in,
B1ME, &
Dimensions [L™wW™H] or [Dia, Hlmm [159.4,65.1][  [33,91]) 156M6in]
‘weight [q] 445 236) 131818
Total Weight [ka] 32,93 98.7) 418182
Charging Time 2hr= 1hr Ehrs

Lithium ion batteries were selected because of their
energy density, lighter weight, and cold weather
characteristics. These batteries are capable of producing
the max amount of current the controller can handle, even
in cold weather. Also, they offer a much higher energy
density compared to traditional batteries which will allow
the snowmobile to increase its range significantly.
Another reason lithium ion batteries was selected was for
their quick recharge times. The Valence U-Charge® XP
batteries can be recharged in 2.5 hours which is
significantly faster than lead acid batteries.

The battery pack that was used has a storage capacity of
100Ah. This is ideal and does not take into consideration
the fact that the faster the batteries are discharged, the
lower the actual storage capacity becomes. This is due to
the nature of the chemical reactions within the battery



pack. If the batteries are discharged quickly, the voltage
will drop significantly, but will recover soon after the
batteries are no longer being discharged. This will
definitely affect the range performance of the
snowmobile. Assuming ideal conditions, the range should
be just over 10 miles assuming a constant current draw of
150 amperes and an efficiency of 68% with all of the
power losses taken into consideration.

Table 10: Manufacturers Data Sheet for battery
specifications (Valence Valence U-Charge® XP family)

Specifications U1-12XP U24-12XP U27-12XP UEV-18XP
Voltage 128V 128V 128V 192V
Capacity (C/5) 40 Ah 100 Ah 130 Ah 65 Ah

Dimensions including terminals 197x130%182 mm 260x173x225 mm 306x173x225 mm 268x148x269 mm
(LxWxH) 7.75%5.2x7.2 in 10.24x6.8x8.6 in 12x6.8x8.6 in 10.55%5.8x10.6 in

BCI Group Number UIR Group 24 Group 27 N/A
Weight (approximate) 6.1kg/ 134 Ibs 15.8kg/34.8 Ibs 19.5kg /42.9 bs 14.8kg/32.7 Ibs
Terminals, female-threaded 1/4-20 M8 x 1.25 M8 x 1.25 M8 x 1.25
Specific energy 84 Whikg 81 Whikg 85 Whikg 84 Whikg
Energy density 110 Whil 126 Whil 140 Whil 117 Whil
Max. cont. current 80 A 150 A 150 A 120A

Standard
Discharge
@ 23°C

Max. 30 sec. 120 A 300 A 300 A 200A
pulse

Cut-off voltage 10V 10V 10V 15V
Charge voltage 146V 146V 146V 219V
Standard | Float 138V 138V 138V 207V
Charge | Recommended 204 50 A 65A 30A
Charge time 25hrs 25hrs 25hrs 25hrs
DC internal resistance 15 mOhm 6 mOhm 5mOhm 10 mOhm

One auxiliary battery is used to run miscellaneous
components such as the headlight, taillight, relays, and
gauge backlighting. This is a 12V 18 Ah Sealed Lead
Acid battery from Interstate Batteries. The reason for the
separate battery was ease of installation. This eliminated
any extra current draw from the main battery pack and an
expensive DC to DC converter was no longer necessary.
This size of battery has proven to provide adequate power
to all auxiliary components far longer than the main
battery pack supplies power to the propulsion system.
This uses a separate charger that will be linked into the
same charging plug as the main pack charger.

Battery Monitor

A battery monitoring system was developed based on an
amp-hour meter design. Current flowing through the
system is measured using a Hall Effect sensor which
sends a scaled voltage to a microcontroller based on the
amount of current in the system. That microcontroller
then averages the voltage over a 30 second period to
gauge how many amp-hours have been used and then
sends a signal to a transistor circuit designed to look like a
variable resistance. This is hooked to the snowmobile’s
fuel gauge to display the appropriate amount of “fuel” bars
left in battery pack.

Battery Charger

The Quick Charger SeriessMQPA6-127v/6A is a battery
charger capable of charging 60 lead acid cells. This is
equivalent to 10 lead acid batteries rated at 12V. When
connected in series all batteries are charged
simultaneously which is necessary to keep the batteries in
the vehicle during charging. The charger is not equipped

with an automatic shut off. An outlet timer is used to turn
the unit off. Charge time has to be calculated based on
the battery capacity and state of charge shown on the
battery meter. Overcharging can cause the batteries to
emit a flammable gas (hydrogen), which can be
dangerous and will decrease the performance of the
batteries. Cable

Cable selection is important because of the high
amperage in this application. The cable must be able to
sustain handling the current that the motor controller is
capable of outputting which is around 450A. Copper wire
sizes were researched and 3/0 AWG cable was the
smallest diameter cable able to handle this current. The
cable is covered with a red insulator in compliance with
competition rules. The cable is used in welding
applications which gives it some flexibility for connecting
ease.

Resistance is dependent on diameter. 3/0 AWG cable
has a resistance of 0.0001884 Ohms per meter. This is
very small with respect to the power loss of the rest of the
system. Only approximately one meter of cable was used.

Contactor

The team chose the Albright SW200 contactor which is
capable of handling 96 Volts and 400 Amps continuous.
The contactor acts as a large relay and will open in case
of an emergency, which will stop power from going to the
motor controller. There are three ways to open the
contactor: push the kill switch, turn the key to the off
position, or remove the tether kill switch. The inner
contacts of the contactor are coated with a synthetic
material which prevents arching that could ultimately keep
the contactor from operating properly.

Miscellaneous

Other components that are necessary for proper operation
include: headlight, taillight, gauge backlighting, relays,
fuse block, auxiliary battery, tether kill switch, push/pull
kill switch, speedometer, tachometer, and small gauge
wire. The stock headlight was reused. LED taillights were
used to reduce power consumption. Light emitting diodes
use far less power compared to an incandescent light.
The stock speedometer was used because it directly
linked to the track which was not modified. An
aftermarket tachometer was used. It is linked to the
secondary shaft of the motor using a magnetic sending
unit. Relay, gauge backlighting, headlight, and taillights
are powered by the auxiliary battery.

ELECTRICAL ASSEMBLY

Battery Pack

Electrical connections were established using bus bar and
cable. Cables were manufactured using 3/0 AWG welding
type cable. Each end had a terminal attached using a
crimping tool and soldering. Heat shrink tubing was
applied to each end in order to reduce the chance of



electrical shock or shorts. Bus bar was used to
interconnect the batteries in the battery pack. This
reduced resistance and ultimately power loss. Battery
terminal stresses are a concern; however, time does not
permit the manufacturing of a better solution. The
condition of the terminals will be closely monitored for
safety.

The lower voltage system was connected using 14 AWG
wire to power the headlight, taillight, relays, and gauge
backlighting. The auxiliary battery for this system was
installed in the same battery box on the tunnel of the
snowmobile. A main power wire was connected to a relay
with a 5A fuse installed. This keeps high current isolated
from the ignition switch and kill switches.

The main battery pack and the auxiliary battery were
connected to a plug located by the key. The charger was
then modified to plug into the plug which allows for ease
of operation. Through this single connection, the auxiliary
battery and the main battery pack are charged
simultaneously.

Motor

The motor was configured to operate in a
counterclockwise rotation to be compatible with the
drivetrain. The main shaft was utilized at the connection
point for the CVT. The secondary shaft was used to
attach the magnetic sending unit for the tachometer. This
configuration required cable connections between S1 and
Al. S2 and A2 were then attached to the motor
controller.

Motor Controller

The Alltrax motor controller was connected according to
manufacturer's recommendations.  This included an
ANNA400 type fuse in line with the battery pack. A linear
potentiometer was attached to pin 2 and pin 3 of the
motor controller. Pin 1 has a high voltage, low current
source connected to it to enable the motor controller.
This is powered when the key is turned on with both kill
switches in the closed position. A precharge circuit was
used to prevent damage to the capacitors in the motor
controller by giving a gradual increase in charge instead
of charging too quickly which damages components over
time. The precharge circuit has a switch installed in order
to have the ability to completely disconnect the battery
pack.

An Albright SW200 96V contactor was used to act as a
high power relay to give the ability to disconnect the
battery at the push of a button.

Miscellaneous
LED taillights were utilized in order to reduce power

consumption. The stock brake controls were maintained.
The taillights were at the rear of the seat.

The headlight circuitry remained stock with a hi-low switch
and the normal bulbs.

A standard tether kill switch that is readily available was
used in the motor controller enabling circuitry. This was
connected in series with a standard on-off key switch and
a normally closed kill switch. Once again, this is to allow
for easy repairs because both parts are easily attained.

All low voltage wires have quick connect terminals that

are covered in plastic. This keeps an isolated circuit and
allows for easy component removal.

Electrical Schematic
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Figure 14: Full Electrical Schematic

SOCIAL IMPACT

There are several negative aspects of a snowmobile that
have raised much concern about the use of snowmobiles.
First, snowmobiles are inherently very loud. This is
caused by the exhaust system, track, and the type of



engine being used. An electric snowmobile practically Silver Level Sponsors ($250-$999)
eliminates noise other than the noise caused by the track.

e Encore Operating
Second, snowmobiles produce a large amount of
pollutants. Most snowmobiles utilize a two stroke internal e Four Season Sports
combustion engine in order to deliver top performance.
This type of engine produces an excessive amount of
pollution. Four stroke snowmobiles are starting to come
out, bgt still produ_ce a certain amount of poIIut_ion._ Bronze Level Sponsors ($0-$249)
Electric snowmobiles do not release any pollution in the
environment that they are used in. Obviously, electric
snowmobiles must be charged using a power source
which comes from a polluting power plant. The important

e D&D Oilfield Service

e Dana Sander

part, however, is that the pollutants are not being released REFERENCES

in the natural areas like parks which is the usual riding _ _

place. 1. Aaen, Olav, Clutch Tuning Handbook, Third
Edition, 1986.

Lastly, the competition itself raises a positive viewpoint on

electric snowmobiles. The entire idea is to raise 2. Alltrax Motor Controllers

awareness of a growing concern in society. All around the http://www alltraxinc.com/

globe, serious focus has been placed on any object that (541)476-3565

produces excessive amounts of pollution. By raising

awareness, new thoughts and concepts are developing 3. “AXE 7245." Alltrax Inc. November, 26, 2007.

every day that will help preserve the environment and this <http://www.alltraxinc.com

competition plays a major role in those ideas. /old/prod09.htm>

CONCLUSION 4. “Battery Technologies.” Free Energy News.

November 1, 2007. <www.

The South Dakota School of Mines and Technology’'s freeenergynews.com/Director/ Battery/>

Alternate Fuel Vehicle Team have designed, built, and
tested a zero emissions snowmobile in a very short
amount of time. The team and snowmobile will compete
in the 2008 SAE Clean Snowmobile Challenge. Design
stemmed from efforts on safety, performance, cost, and
ease of manufacturing. Completed analysis was
performed in every aspect of design to ensure safe and
reliable operations. At a glance, the SDSM&T
snowmobile is clean, efficient, and cost effective. The
technologies incorporated into the snowmobile are easily
adaptable to any stock snowmobile.

5. Electric Vehicles USA
2615 Hwy 153
Unit B5, Piedmont
South Carolina, 29673, US
(864)220-5548
www.electricvehiclesusa.com

6. EV Source
430 E. 1200 N.
Logan, UT 84341
WWW.evsource.com
(877)215-6781
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DEFINITIONS, ACRONYMS, ABBREVIATIONS
AC: Alternating Current

DC: Direct Current

CSC: Clean Snowmobile Challenge

CVT: Continuously Variable Transmission

HP: Horse Power

IC: Internal Combustion

RPM: Revolutions per Minute

SAE: Society of Automotive Engineers

SDSM&T: South Dakota School of Mines and Technology



