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ABSTRACT 

This design paper highlights methods and engineering 

calculations for three major design modifications for a pure 

electric vehicle conversion on a 2011 Skandic Tundra LT. The 

first section of this report displays calculations on how to 

estimate the power requirement for the snowmobile. These 

power requirement estimates become the basis for the three 

major design modifications to the snowmobile. 

The first major design modification to the 2011 Skandic 

Tundra LT is the replacement of the gasoline engine with a 35 

hp AC electric motor. A comparison between AC and DC 

motors are highlighted and reasons for running an HPEVS AC 

35 motor is provided. 

The second major design modification is the replacement of 

the gasoline tank with a 92.5 V/75 Ah battery pack. A 

comparison between the four common battery chemistries 

found in vehicular applications is provided along with reasons 

for ultimately using lithium ion battery technologies. Battery 

voltage and battery capacity design calculations are shown and 

explained.  

The third major design modification is the replacement of the 

stock Continuously Variable Transmission (CVT) with a fixed 

gear ratio of 1.4 using a belt drive. The design equation along 

with reasons for running a fixed gear ratio belt drive is 

explained. 

INTRODUCTION 

Design Motivation 

With increasing global warming concerns due to growing 

CO2/greenhouse gas emission levels, the automotive industry 

has been turning to many different alternative, low/zero 

emission, technologies to power today’s modern vehicles. 

Many car companies have recently released low emission, 

hybrid or electric powertrain’s in their vehicles. For example, 

Toyota’s Prius line of hybrid vehicles, Ford’s Eco-boost line 

of vehicles, and Chevrolet’s electric vehicle (EV) the Volt. 

However, the automotive industry isn’t the only one that needs 

to provide these alternative technologies. The recreational 

vehicle industry accounts for its fair share of emissions. If the 

recreational vehicle industry is to develop and incorporate 

these powertrain’s into its own products, the unique technical 

challenges that present themselves in those vehicles must be 

overcome. 

The Society of Automotive Engineers (SAE) Clean 

Snowmobile Challenge has also identified another reason for 

low/zero emission recreational vehicles.  Global Climate 

research testing locations such as Summit Station in 

Greenland for the National Science Foundation (NSF) require 

special modes of transportation to and from their research 

sites. Due to the delicate nature of the studied constituents at 

the Greenland Ice Cap, emissions resulting from the burning 

of fossil fuels on site can hopelessly skew the research results.  

The Queen’s Fuel Cell Team 

The Queen’s Fuel Cell Team (QFCT) is an engineering design 

team based out of Queen’s University in Kingston, Ontario, 

Canada. Being originally formed in 2005, the team has always 

been dedicated to developing commercial applications for fuel 

cells. The team is largely motivated by the worlds growing 

greenhouse gas emissions and is set on reducing the world’s 

emissions through fuel cell technologies.  

Since conception, the QFCT has been involved with fuel cell 

powertrain development for use in a range of different 

vehicular applications. The QFCT’s first fuel cell powered 

vehicle was completed in 2007 using a Club Car DS golf cart 

and Alkaline Fuel Cell (AFC) technology. This successful golf 

cart conversion project laid the groundwork for this design 

paper and entrance into the SAE Clean Snowmobile 

Challenge. The golf cart has since been retrofitted with a new 

Polymer Electrolyte Membrane (PEM) fuel cell and new 

components and is running again. This project has given the 

team great experience with hybrid design and will aid in the 

future conversion of the snowmobile to fun on a fuel cell of 

similar chemistry. 
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DESIGN REVIEW 

Primary Goals & Objectives 

The Queen’s Fuel Cell Team’s overarching goal is to convert 

the original 2011 Skandic Tundra Snowmobile to a safe and 

reliable zero-emission electric snowmobile that will be easily 

integrated into one of the world’s first fuel cell hybrid 

snowmobiles. 

 

Figure 1: Original, un-modified, 2011 Skandic Tundra Snowmobile 

by Bombardier Recreational Products (BRP) 

Since the SAE Clean Snowmobile Challenge has never had to 

consider allowing a fuel cell powered snowmobile compete in 

the yearly competition; the QFCT hopes to have the first phase 

pure EV version of the snowmobile project pass inspection 

and compete in the 2015 events. 

The QFCT’s Fuel Cell Hybrid Snowmobile Project has been 

broken down into two major design phases. Phase 1 being the 

initial conversion of the Internal Combustion Engine (ICE) 

powertrain to an electric powertrain. Phase 2 being the 

addition of the range extending fuel cell hybrid module. The 

QFCT’s primary goal is to pass electrical safety inspection and 

meet and/or surpass minimum performance targets set by the 

competition rules. Table 1 lists the main design goals for 

Phase 1 of the design.  

Table 1: The Queen's Fuel Cell Team's Phase 1 design goals for 

the 2015 SAE Clean Snowmobile Challenge 

Design Elements Target 

Electrical Safety Inspection Pass SAE CSC Inspection 

Pure Electric Cruising Range
1
  10+ mi / 25 km  

                                                           

1
 Cruising range being the range of the snowmobile at 

competition set cruising speed (20 mph/32.2 kmh) 

Energy Conversion Efficiency  

Dry Sled Weight < 350 kg 

Cold Start to 100 ft < 40 sec. 

Draw Bar Pull Weight 100+ lbs. / 45.4+ kg 

 

Power Requirement Calculations 

In order to select and source all the components for the 

snowmobile, a force analysis was required for a few different 

scenarios. The forces considered in the force analysis are 

listed below. 

 Force exerted by powertrain (Ftotal) 

 Drag force from air (Fair) 

 Rolling resistance (Frr) 

 Gravitation forces from incline (Fincline) 

The force exerted by the powertrain must be greater than or 

equal to the last three forces considered above. The 

snowmobile will maintain a certain speed if Ftotal is equal to 

these resistive forces. The vehicle will accelerate if Ftotal is 

greater than the resistive forces. 

𝐹𝑡𝑜𝑡𝑎𝑙 = 𝐹𝑎𝑖𝑟 + 𝐹𝑟𝑟 + 𝐹𝑖𝑛𝑐𝑙𝑖𝑛𝑒                     (1) 

The air’s drag force on the snowmobile is represented by the 

drag equation (Equation 2). This should hold true for most 

vehicular cases where turbulent airflow occurs due to bulk air 

movement. 

𝐹𝑎𝑖𝑟 =
1

2
𝐶𝑑𝐴𝜌𝑣2                              (2) 

Where Cd is the drag coefficient for the snowmobile, A is the 

reference area of the snowmobile, p is the density of air, and v 

is the velocity of the snowmobile. 

Equation 3 represents the rolling resistance for the 

snowmobile. The force required to overcome the rolling 

resistance is proportional to the coefficient of friction between 

the skies/track and the ground.  

𝐹𝑟𝑟 = 𝜇𝑟𝑜𝑙𝑙𝑚𝑔                                 (3) 

Where 𝜇𝑟𝑜𝑙𝑙  is the coefficient of friction between the 

skies/track and ground, m is the mass of the snowmobile, and 

g is the gravitational constant. 
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Equation 4 represents the force of gravity working against the 

snowmobile in the case that it is climbing a hill. Trigonometry 

tells us that for a slope with a slope of α (in degree’s),  

𝐹𝑖𝑛𝑐𝑙𝑖𝑛𝑒 = sin(𝛼) 𝑚𝑔                            (4) 

For a rigid body, the required tractive power to maintain a 

speed of v is calculated using Equation 5, 

𝑃𝑜𝑤𝑒𝑟 = 𝐹𝑡𝑜𝑡𝑎𝑙 ∗ 𝑣                             (5) 

An estimate of how much power would be required to 

accelerate our vehicle up to our cruising speed was also 

required. We assumed that a kinetic energy calculation would 

be sufficient to estimate the additional power required to 

accelerate the snowmobile. Equation 6 is the kinetic energy 

calculation used to determine the amount of additional energy 

required to accelerate the snowmobile. 

𝐸𝑎𝑐𝑐𝑒𝑙 =
1

2
𝑚𝑣2                               (6) 

The result from Equation 6 can was used in Equation 7 to 

determine the additional power required to accelerate the 

vehicle. 

𝑃𝑎𝑐𝑐𝑒𝑙 =
𝐸𝑎𝑐𝑐𝑒𝑙

𝑡
                                (7) 

Where t is the time required to accelerate up to the required 

speed. 

The results of the above force analysis on the snowmobile are 

found in Table 2. The major assumptions made are found in 

Appendix A along with the details of the calculations and 

sample calculations for each scenario evaluated. Note that 

cruising speed of 20 mph and an acceleration time is 5 seconds 

was evaluated for both the pure electric snowmobile and the 

future fuel cell hybrid module to be added. 

Table 2: Summary of results from force analysis for a no incline, 

10-degree incline, pure EV, and hybrid vehicle scenario. 

Results (No Incline – Pure EV)  

Raw Cruising Power Requirements 8.5 hp 

Additional Accelerative Power 3.6 hp 

Total Accelerative Power 12.1 hp 

Results (10-Degree Incline – Pure EV)  

Raw Cruising Power Requirements 15.3 hp 

Additional Accelerative Power 3.6 hp 

Total Accelerative Power 18.91 hp 

Results (10-Degree Incline – Hybrid Vehicle)  

Raw Cruising Power Requirements 22.3 hp 

Additional Accelerative Power 5.3 hp 

Total Accelerative Power 27.6 hp 

 

When considering the assumptions made in the calculations 

and the overall design of the snowmobile, there are many 

challenges to meeting the requirements. First of all, the weight 

of the snowmobile is only an estimate and the battery case 

now in use along with all auxiliary components will affect the 

performance of the vehicle. The friction is also an estimate 

and the actual performance will depend on particular 

conditions. Another challenge was managing to mount the 

motor in such a way that it would be able to provide the power 

needed to the track while still being secure and safe. This was 

done with extensive CAD modelling and testing and now it 

integrates a stand along with transmission cover and securing 

bracket in order to keep the motor secure. The final step in 

assessing the performance will be to actually program the 

motor controller. This will require some experimentation with 

the system in place and will have a large impact on the 

performance.  

Motor Selection Process 

Once the power requirements were estimated using the force 

analysis methods described in the previous section. The 

selection of the motor was accomplished.  

DC versus AC Motors 

The first step to selecting an electric motor was to evaluate the 

differences between DC and AC motor systems in an electric 

snowmobile. 

DC motors often require more maintenance and have a shorter 

lifetime when compared to AC motors [1][2][3][4]. DC 

motors also cannot run as high in rpm due to the brushes [2]. 

However, brushless DC motors exist but result in higher costs 

and complicated control methods [1][2][3][4]. DC motors 

have an added level of control in varying its output torque and 

speed when compared to AC motors [1]. 

Considering DC motor applications in electric vehicles, they 

are often the option of choice since batteries output DC power. 

Using a DC motor also allows for increased system 

efficiencies since the DC power source doesn’t have to be 

converted to AC before being sent to the motor. A DC to AC 

conversion can result in losses on the order of 20%. 

AC motors are naturally more compact, rugged, and have 

increased lifetimes when compared to DC motors [1][2][3][4]. 

AC motors have recently become just as good at varying 

output torque and speed when compared to their DC 

counterparts [1]. An AC motor’s primary advantage when 

applied to electric vehicles comes down to its ability to 

provide a high torque output over a much larger range of 

speeds [3]. This consequently leads to an easier and lighter 

transmission conversion since a fixed gear ratio can be used 

without sacrificing performance [4]. Furthermore, when 

comparing an AC motor to an equivalent DC motor in power 
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output at a specified rpm, the AC motor will be more efficient 

in converting the electrical power to mechanical power. 

In conclusion, an AC motor type was chosen as the best option 

for the electric snowmobile for the following reasons in order 

of importance: 

 Less intensive transmission conversion 

 Higher energy conversion efficiency 

 More compact 

 Longer lifetime and higher reliability 

AC Motor Selection 

In order to select the optimal AC motor for use in the electric 

snowmobile, all AC motors that fit the calculated power 

requirements were compared by the following specifications: 

 Efficiency 

 Weight 

 Cost 

 Operating Voltage 

 Operating Current 

 Peak RPM 

 Continuous RPM 

 Peak HP 

 Continuous HP 

 Peak Torque 

 Continuous Torque 

The AC motors where then evaluated against how closely they 

matched the continuous and peak HP requirements. The AC 

motors were then ranked based on weight and efficiency. This 

is because a lighter motor would result in a lower required 

power, and higher efficiencies would allow for high power 

utilization from the batteries/fuel cell. Final considerations 

were given to the AC motors’ torque versus RPM performance 

curves.  

Upon evaluation of 18 potential AC motors, High 

Performance Electric Vehicles’ (HPEV) AC 35 motor was 

selected. Furthermore, a noticeable advantage of the HPEV 

AC motors was its highly compatible, fully programmable, 

high efficiency DC/AC motor controller. Figure 2 displays the 

HPEV AC 35 motor with its Curtis 1238 AC Motor 

Controller. 

 

Figure 2: HPEV AC 35 motor with accompanying Curtis 1238 AC 

motor controller and EV circuit components 

Battery Selection Process 

Once the motor was selected, the power source for the electric 

motor had to be sized and sourced. A set of performance 

requirements for the battery pack was assembled. The battery 

pack must be able to meet the following pure electric 

performance capabilities: 

 Deep discharge cycle capabilities 

 Continuous and pulse discharge capabilities 

 High reliability 

 Good cold weather performance 

However, the snowmobile will become a hybrid in Phase 2 of 

the project. Therefore, the battery pack must also have the 

following performance capabilities: 

 High pulse discharge currents 

 Be able to handle repetitive shallow discharge cycles 

 Be able to interface well with an energy management 

system 

Battery Chemistry Selection 

In order to determine the best battery chemistry for the 

application, a decision had to be made between a primary 

(non-rechargeable) cell and secondary (rechargeable) cell. 

Since both electric and hybrid vehicles must be able to 

replicate vehicle drive cycles, a secondary cell was the clear 

choice. 

Next, the best secondary cell chemistry for the snowmobile’s 

performance targets had to be selected. The four main battery 

chemistries often considered for vehicular applications are 

lead-acid, nickel cadmium (NiCad), nickel metal-hydride 

(NiMH), and lithium ion (Li-ion) [5]. Table 3 displays a pros 

and cons table for the four main battery chemistries 
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Table 3: Pros and cons evaluation between the four main secondary 

cell chemistries for vehicular applications [5][6][7][8]. 

Battery 

Type 

Lead 

Acid 
Ni Cad Ni MH Li-Ion 

Battery 

Voltage 
2.1 V 1.25 V 1.2 V 3.7 V 

Pros 

 Superio

r long 

term 

reliabilit

y 

 Most 

economi

cal 

 High 

mechanic

al 

strength 

 high 

efficienc

y charge 

 charge 

cycle: 

500 

times 

 good 

cold 

weather 

discharge 

abilities 

 No 

heavy 

metals 

 Relativ

ely high 

capacity 

 charge 

cycle: 

500 

times 

 Better 

energy 

density 

than 

NiCad 

and Lead 

Acid 

 

 High 

voltage 

 No 

memory 

effect 

 Low 

self-

discharge 

 Very 

high 

energy 

density 

 Superior 

cycling 

abilities 

Cons 

 Relativ

ely low 

cycle life 

 Low 

energy 

 High 

self-

discharge 

in 

flooded 

batteries 

 Heavy 

 Poor 

low 

temperat

ure 

discharge 

abilities 

 Low 

energy 

 Memor

y effect 

 Toxicit

y 

 High 

self-

discharge 

especiall

y in 

sealed 

container

s 

 More 

expensiv

e than 

Ni-Cd 

 Very 

high self-

discharge 

 Most 

expensive 

 Potentia

l safety 

problem 

 Require 

control of 

charge/dis

charge 

limits 

 Degrade 

at high 

temp. 

 

An important consideration for the battery chemistry is the 

energy density of the cells. In electric and hybrid vehicle 

applications, the energy density of the cell has a large effect 

on the range of the vehicle. Figure 3 displays the range of an 

electric vehicle versus the weight of the battery pack for 3 

different energy densities. One can clearly identify that higher 

energy densities result in significant increases in electric 

vehicle ranges.  

 

Figure 3: Electric vehicle range versus battery weight with varying 

cell energy densities [5]. 

The above evaluation of the different battery chemistries 

yielded a clear choice. Lithium ion battery technologies were 

to be considered further. The following reasons were deemed 

the most important: 

 Highest energy density 

 No memory effects 

 Low self-discharge 

 Superior cycling abilities 

Lithium Ion Battery Pack Design Specifications 

Battery Voltage 

The voltage of the battery pack was chosen as 92.5 V due to 

two constraints: 

 The HPEVS AC 35 motor controller can only handle 

voltages between 72-96 V.  

 Lithium ion battery cells have a nominal voltage of 

3.7 V 

 Therefore, the battery pack voltage must have a 

nominal voltage that is a multiple of 3.7 

In order to minimize the current draw from the batteries (in 

other words minimize battery capacity), the highest possible 

voltage that was under 96 V and a multiple of 3.7 was 92.5 V. 

Battery Capacity 

The challenge with sizing an appropriate battery pack comes 

down to battery capacity ratings. Battery capacities are rated 

in units of Amp-hours (Ah) and the capacities of a battery cell 

range with the rate of discharge and the temperature at which 

the cell is being discharged  [8][9] . The higher the current 

draw is from the batteries, the lower the capacity of the 

battery. Peukert’s law has commonly explained this rate of 

discharge effect on capacity [9] [10]. Peukert’s equation is 

displayed in Equation 8 [9][10]. 
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𝑡 = 𝐻 (
𝐶

𝐼𝐻
)

𝑛

                                     (8) 

Where H is the rated discharge time, C is the rated discharge 

capacity, I is the actual discharge current, n is the Peukert’s 

constant for the specific battery chemistry, and t is the actual 

time of discharge. 

It is noted that Peukert’s law is only accurate on batteries 

under constant discharge currents and temperature [9]. 

Furthermore, if a battery is discharged under transient currents 

and temperature, one can expect an underestimation from 

Peukert’s law [9]. For this design, Peukert’s law was assumed 

to be a reasonable approximation and a safety factor of 1.2 

accounted for any underestimations from Peukert’s law. 

The required battery capacity was calculated using the electric 

vehicles power requirements on a 10-degree incline found in 

Table 2. The power requirements where then coupled with the 

range performance target found in Table 1. The powertrain 

efficiency had to also be factored into the lithium ion battery 

pack’s energy capacity calculation. Therefore, the required 

capacity from the batteries was estimated from Equation 9. 

𝐶𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 =

(
𝑃 ∗

𝜈
𝑅𝑎𝑛𝑔𝑒

𝜂𝑚𝑒𝑐ℎ𝜂𝑒𝑙𝑒𝑐
)

𝑉𝑝𝑎𝑐𝑘

                           (9) 

Where C required is the required battery pack capacity in 

amp- hours, P is the calculated power requirement in watts, v 

is the cruising velocity of the snowmobile, Range is the 

performance target for the range of the snowmobile, ηmech is 

the efficiency of the snowmobile’s mechanical powertrain (i.e. 

motor, gears, track), ηelec is the efficiency of the electrical 

tractive system (i.e. motor controller, batteries, resistive 

losses, auxiliary loads), and V pack is the battery pack voltage. 

The required capacity was then used in Peukert’s equation 

(Equation 8) in order to account for the rate of discharge 

effect. Lastly, lithium ion cells shouldn’t be discharged 

completely in order to increase the lifetime of the cells 

[5][6][8]. Only about 80% of the cell’s total capacity should 

be used, therefore, the required capacity was additionally 

increased by 20%. Table 4 summarizes the results of the 

analysis along with the primary assumptions made in the 

calculations. 

Table 4: Summary of results from battery capacity calculations on 

pure EV on 10-degree incline. Main assumptions are included 

Assumptions  

ηmech 85 % 

ηelec 80 % 

Lithium Ion Peukert’s Constant 1.05 

Cruising Speed 20 mph 

Peukert’s Law Safety Factor 1.2 

80% SOC Operating Range Factor 1.2 

Results  

Required Capacity of Lithium Ion Cells 75 Ah 

 

Battery Cell Selection 

With the major battery specifications determined, a battery 

cell was selected based on its cycle life, pulse discharge 

capabilities, and energy density. The selected battery cell is a 

Dow Kokam XALTTM 75 Ah High Power lithium ion polymer 

pouch cell. Figure 4 is a picture of the Dow Kokam XALTTM 

75 Ah pouch cell used in the snowmobile. 

 

 

Figure 4: Dow Kokam's XALTTM 75 Ah High Power lithiom ion 

polymer pouch cell. 

Key attributes of the selected Dow Kokam cell are found in 

Table 5. 

Cycle life @ 1C & 80% SOC 5000 

Pulse Discharge Current 750 A 

Operational Discharge Temperature Range (-30 – 60) °C 
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Maximum Charge Current   225 A 

Maximum Discharge Current 450 A 

Energy Density ≈150 mAh/g 

 

The challenges associated with this choice were incorporating 

the single pouches into a full battery pack. This required a 

great deal of work and has resulted in a large battery pack that 

is heavy and takes up a large amount of space. The capacity of 

the batteries though does add to the overall range and for 

phase 2 of the project, some of the batteries will be removed 

and that will reduce the weight of the vehicle and increase the 

space for other systems needed for the fuel cell.  

Transmission Modifications for Draw Bar 

Pull & Cruising Speed Performance 

Targets 

Production snowmobiles use an adjustable gear ratio 

controlled by a continuously variable transmission (CVT). The 

continuously variable transmission allows for the optimization 

of the torque and speeds at the track for the engine’s various 

operating points. However, a fixed ratio may be used since the 

tractive performance of an electric motor is better 

representative of what is actually required at the track. 

Furthermore, the levels of torque that electric motors produce 

can lead to durability issues on CVT’s. For these reasons, it 

became clear that a fixed ratio transmission system would be 

ideal. 

The selected fixed gear ratio must hold a balance between the 

two performance targets. The draw bar pull requires high 

torque at low speed. The cruising speed performance target 

requires minimal torque at high speeds. This contradiction is a 

major challenge when deciding which fixed gear ratio should 

be used. 

Equation 10 was used to theoretically calculate the mechanical 

advantages between a two-gear system. 

𝑅𝑎𝑡𝑖𝑜 =  
𝜔1

𝜔2

=  
𝑅1

𝑅2

=  
𝑁1

𝑁2

=  
𝑇1

𝑇2

                  (10) 

Where R1 is the radius of the input gear, ω1 is the angular 

velocity of the input gear, N1 is the number of teeth on the 

input gear, and T1 is the input torque on the input gear; R2 is 

the radius of the output gear, and ω2 is the angular velocity of 

the output gear. 

Since the power from the motor is transferred through a series 

of gears before being exerted by the track, Equation 10 had to 

be used on the series of gears between the motor and the track. 

The calculated power requirements had to be available at the 

snowmobiles track; therefore, a gear ratio was calculated from 

the track to the AC motor. Since the AC motor’s torque versus 

speed profile was known from the motor supplier’s 

dynamometer data, it was possible to determine the required 

gear ratio. 

Theoretical calculations using Equation 10, and the 

performance targets in Table 1 in Microsoft Excel yielded an 

optimal gear ratio of 1.4 (Appendix D). The snowmobile 

should maintain a speed of 20 mph with this gear ratio while 

maintaining enough torque to accelerate the completed fuel 

cell hybrid vehicle. 

The 1.4 gear ratio was calculated with the full weight of the 

fuel cell hybrid snowmobile, therefore, the pure electric sled 

should approximately drawbar pull the difference in weight 

between the fuel cell hybrid version and the pure electric 

version. This weight difference was approximated at 150 kg. 

Belt Drive Selection 

The CVT was replaced with a Gates Polychain GT Carbon 

belt and sprockets. A synchronous belt was chosen for the 

system because of its high efficiency of 98%, ease of use, and 

lack of noise. The gear ratio of the belt drive is 0.6. This direct 

drive system allows for few losses and a very easy installation. 

There are no extra parts needed for the belt drive other than 

the sprockets and a belt, which reduces weight and the number 

of parts that could fail. It is also easy to enclose and 

maintenance is simple and quick.  

The only downsides to this system as opposed to the original 

CVT are that the gear ratio is fixed during operation. The 

parameters of the motor can be changed intermittently through 

the motor controller, but during use the gear ratio is fixed 

which could reduce motor efficiency and possibly hinder 

performance. Overall, the simplicity and efficiency of the 

direct belt drive design was the reason that it was chosen.  

SUMMARY/CONCLUSIONS 

The performance targets, design calculations, and engineering 

analysis of the various technologies yielded the need for a 35 

hp peak, 10 hp continuous, AC motor from HPEVS to replace 

the original ICE. A 92.5 V lithium ion battery pack made of 

up Dow Kokam XALTTM 75 Ah High Power pouch cells to 

meet the 10 mile range requirements. A fixed gear ratio of 1.4 

for the AC 35 motor will ensure a good balance between 

torque and speed at the track along with ensuring a 150 kg 

draw bar pull. 
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DEFINITIONS/ABBREVIATIONS 

EV Electric Vehicle 

HPEVS  High Performance 

Electric Vehicle Systems 

(Supplier) 

QFCT Queen`s Fuel Cell Team 

SAE Society of Automotive 

Engineers 

rpm Rotations per minute 

mph Miles per hour 

NSF National Science 

Foundation 

AFC Alkaline Fuel Cell 

AC Alternating Current 

DC Direct Current 

ICE Internal Combustion 

Engine 

NiCad Nickel Cadmium 

NiMH Nickel Metal Hydride 

Li-ion Lithium Ion 

Ah Amp-hour 

CVT Continuously Variable 

Transmission 
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APPENDIX A – POWER REQUIREMENT CALCULATIONS 
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APPENDIX B – MOTOR EVALUATION SHEET 
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APPENDIX C – BATTERY CAPACITY SPREADSHEET 
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APPENDIX D – GEAR RATIO CALCULATION SPREADSHEET 
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