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ABSTRACT 
 
 The world population of today is increasing tremendously, and the United States 
(U.S) population is not an exception. According to the U.S Census Bureau on October 11, 
2006, the total population of the nation reached 300 million people. Following this trend, 
the United States Department of Transportation predicted in its 2004 economic survey 
that there was one passenger vehicle for every 1.2 persons in the United States, meaning 
that there are 833.34 passenger vehicles for every 1,000 Americans. The increase in the 
number of internal combustion engine (ICE) passenger vehicles (gasoline powered) has 
increased pollution and gas dependency (volatile gas prices) in our society. This paper 
will cover the process of converting an ICE vehicle into an electric vehicle (EV). Several 
private conversions have been done in the past, but none of them have taken into account 
input of potential customers in their designs. In order to close that gap, a survey was 
created and filled out by engineers and Mechanical Engineering Technology (MET) 
students. These surveys indicated that consumers were concerned with the constant rise 
of gas prices and fuel consumption. The conversion detailed in this paper provides as an 
affordable, efficient and cleaner method for commuter transportation. The methods of 
this project included: researching current EV technology; designing and machining of 
parts; selecting electrical components; and assembling parts and components.  
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INTRODUCTION 
 

Environmental and noise pollution, along with volatile gas prices, are some of the 
main concerns in today’s society. The irreversible damage caused by carbon dioxide 
CO2, which can be found in internal combustion engines, and other chemicals are putting 
our existence in jeopardy. According to the Intergovernmental Panel on Climate Change 
(IPCC), human activities, including burning fossil fuels, are the likely cause of global 
warming, Appendix L. 

This project’s focus was to reduce the emission of carbon dioxide during 
transportation.  With is as the main goal, it was found that there was no better approach to 
lessening emissions than converting an Internal Combustion Engine (ICE) vehicle into an 
electric one, as electric vehicles emit no CO2. They are also more efficient than their gas 
equivalent as well as a lot quieter and relative inexpensive. 

Electric vehicles can become a reliable option for a daily commute. The average 
person, today, commutes about 34 miles per day and drives at an average speed of 60 
miles per hour (mph), according to the US Census Bureau, producing 0.196 lbs of CO2 
per mile, according to the U.S. Environmental Protection Agency (EPA). An electric 
vehicle will comply with those specifications and eliminate the CO
 This project converted an ICE sports car into a battery-powered electric vehicle 
(EV). Converting an existing ICE platform to electric power is more affordable than 
building one from the ground up.  
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Background 
 
  Between 1832 and 1839 Robert Anderson of Scotland invented the first crude 
electric carriage. In 1835, Professor Stratingh of Groningen, Holland, designed a small-
scale electric car. In 1895 electric vehicles were introduced to Americans thanks to a six 
passenger wagon built by William Morrison. Many innovations followed, and interest in 
motor vehicles increased greatly in the late 1890s and early 1900s. In the early 1900’s, 
electric vehicles outnumbered ICE cars ten to one. Electric vehicles dominated the roads 
and dealer showrooms. Automobile companies, such as Oldsmobile and Studebaker, 
actually started out as successful EV companies and eventually transitioned into gas-
powered vehicles. Early EV production was done by hand. In 1910, mass production of 
gasoline powered cars was developed. This advancement in automobile manufacturing 
put small builders out of business. The smaller, independent electric car companies were 
quickly run out of business because they could not buy components in large volumes; and 
therefore, were unable to compete with market prices.  
 Another reason for the electric vehicle decline was that in the early 1900s the 
electricity infrastructure did not extend outside of city boundaries. This limited electric 
vehicles to city travel only. Also, the addition of the electric starter in combustion gas 
engines that replaced the awkward crank start was another factor in the demise of the EV. 
Due to these factors, by the end of World War I, production of electric cars stopped. 
Electric vehicles managed to survive in some service industries such as taxis, work 
trucks, delivery vans, golf carts and freight handlers. In the late 1960’s and 1970’s, there 

http://inventors.about.com/gi/dynamic/offsite.htm?site=http://www.chem.rug.nl/stratingh/home/main%2Dstratingh.html�
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was a rebirth of electric-vehicle interest. Concerns about air pollution and the OPEC oil 
embargo affected all automakers, urging them to develop smaller and more efficient cars. 
By the early 1990’s, a few major automakers resumed production of EVs, having been 
prompted by California’s Zero Emission Vehicle (ZEV) mandate. Those EVs were 
produced in very low volumes and resulted in very low profits. As the ZEV mandate was 
weakened over the years, the automakers stopped making EVs. Toyota was the last major 
auto maker to stop EV production in 2003. 
 Recent concerns about global warming and the constant increase in gas prices 
have renewed interest in EVs. EV technology has improved in recent years and private 
consumers are investing in them, creating brand new vehicles such as Tango or 
converting existing ICEs as in this project. 
 
 
 

CURRENT ELECTRIC VEHICLES  
 
Electric Vehicles on the Market 
 
 The Tango1 is an electric vehicle that has an average range of 80 miles per charge 
and achieves over 120 mph at maximum speed. The Tango is a small, stable and safe 
vehicle, but it has an elevated price ($108,000.00) and radical design (single person 
vehicle with limited cargo).  Those two factors (price and design) are the main concerns 
about Tango; therefore, marketing this vehicle is quite difficult. Americans like big, 
sporty looking cars, not cars with limited space like the Tango.  The Tango does not 
fulfill these requirements. See Appendix A for more information 
 

 
Figure 1 Tango 

(Commuter Cars Corporation) 
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The next commuter car has the appeal and speed that the Tango lacks, but also has 
a high price ($93,000.00). The “Tesla Roadster2” is a sporty looking vehicle. It fits two 
people and has a driving range of 250 miles (EPA) highway. The car’s only limitation is 
the price; the average American cannot afford this vehicle, hindering its popularity to 
wealthy people. See Appendix A for more information 

 

                                                                      
Figure 2 Tesla Roadster 

(Tesla Motors) 
 
 
Electric Vehicle Conversions 
 
 

This 1986 Mercury Lynx3 made by the Electro Automotive Company is an 
example of an electric-vehicle conversion. This vehicle has the capability to achieve 70 
mph with a range of 48 miles. The Lynx uses ten 12 volt (V) batteries for a total of 120 
V. See Appendix A for more information 

 

 
Figure 3 Mercury Lynx 
(Electro Automotive Company) 
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The Jerry’s4 electric vehicle conversion uses a 1990 Ford Probe. This car has 
range of 35 miles and has a peak speed of 75 mph. It is proven that this electric vehicles 
range drop in winter; therefore, this car will not be very good in the Cincinnati area with 
its cold winters and varying terrain. See Appendix A for more information 

 

 
Figure 4 Ford Probe 

(EVconverters) 
 

An electric vehicle conversion consists of four main parts: the research, which is 
detailed in Appendix A; the removal of ICE vehicle components including the gas tank, 
automatic transmission, back seats, and ICE wiring harness; the machining of parts 
(coupler and electric motor mounts); and the assembly of machined parts and electrical 
components. Safety precautions and testing of the final conversion are also important 
parts of the process. 

 

SPECIFICATIONS  
 

Due to the complexity and the amount of work of the project, it has been divided 
between two people. In this report, information and designs about the following parts and 
components are available: 
 

• DC Motor selection and specs 
• Controller selection and specs 
• Charger selection and specs 
• Coupler design 

 
In Adam’s Newman paper, information and design of the following parts and 

components can be found: 
 

• Battery selection and compartment 
• Motor mount 
• Adaptor plate 
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• Gauges and vacuum equipment 
• Brakes update 

 

FEATURES AND CUSTOMER FEEDBACK 
 

The conversion process began with a comprehensive research and surveys. Thirty 
surveys were filled out by companies in the machine tool industry and companies that 
offer the co-op program throughout the University of Cincinnati. These were filled out 
primarily by engineers and technicians. Ten College of Applied Science students were 
also surveyed.  
 
Survey Results 
 

Appendix B contains detailed information about the survey. According to those 
results, gas prices, connected to fuel consumption, range and initial cost are of highest 
concern of those surveyed. It was interesting to find that emissions were not an important 
feature for those surveyed; it having the same concern level as a quality stereo. The fact 
that cost and consumption, safety, and range were of main concern may be due to the fact 
that most people surveyed were engineers. Table 1 was arranged from most important 
feature to the least one.  

 
Table 1 Survey Data 
 
Cost to fill gas tank 4.7 
fuel consumption (mpg) 4.6 
initial cost 4.6 
range (miles per tank) 4.5 
overall safety 4.5 
maintenance cost 4.4 
styling/appearance 4.1 
easy to read gauges 4.1 
engine noise 4.1 
interior ergonomics 4.1 
acceleration 0-70mph 4.1 
handling 4.1 
refueling convenience 4.1 
braking 4.0 
stereo 3.9 
shifting gears 3.9 
emissions 3.9 
top speed 3.6 
GPS 3.4 
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PRODUCT OBJECTIVES 
 

Table 2 has the list of the conversion product objectives (left column) as well as a 
method to test them (right column). 
 
Table 2 Product Objective 
 

range  > 20 miles / charge 
Range between charges on level pavement transporting the driver 
and a passenger or 350 lbs of additional weight = 20 miles 
measured by GPS 

Top speed  > 60 mph Measure by GPS 

energy cost savings $0.10/mile REV07 vs. $0.16/mile ICE commuter car *gas price  
$3.50 per gallon 

 conversion cost < $10,000 Bill of materials 

zero local fossil fuel 
emissions Electric vehicles produce zero carbon dioxide 

handling Lower suspension in order to lower the center of gravity 

Styling/appearance Ford Mustang sports vehicle 
 

DESIGN SOLUTION 
 

Different parts had to be designed, and several components had to be selected in 
order to convert successfully an ICE into an EV. This part of the paper will provide 
detailed information about the Specification Section. 
 
Motor Selection 
 

A critical part of an EV is the electric motor, which are 90 % conversion efficient 
at high rpm. The electric motor is responsible for the propulsion system, in other words it 
provides sufficient horse-power (hp) and torque to move the vehicle. As a rule of thumb 
about 7 hp are needed to move 1000 lbs of vehicle weight at a velocity of 45 mph. Hp = 
vehicle weight x [velocity/234]3 

The motor selected must be able to keep 29 continuous hp and 69 pick hp at a 
max speed of 60 mph. Three different models were chosen and from the weighted 

in which the vehicle weight is in lbs and velocity in mph 
A projected vehicle weight of 4130 lbs was assumed at a constant velocity of 45 

mph. (projected weight = ICE vehicle weight (2834lbs) + up to 3rd of vehicle weight for 
batteries (944lbs) + cargo, including driver and passenger (350lbs) ). Doing the 
calculations a continuous hp of 28.5 was needed. 
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decision matrix, see Appendix D; the FB1-4001 DC motor was selected. The FB1-4001 
DC 7 motor has the following specs: 
 
Table 3 FB1-4001 DC motor spec 
 

Test Data @ 144 V Input 

Time On Volts Amps RPM HP KW 

5 min. 134.0 320 4200 48.80 36.80 

1 hr. 138.0 185 5700 30.40 22.90 

Continuous 139.0 170 6000 28.50 21.50 

Peak Horsepower 100.00  

 
 
Coupler Design 
 

A coupler is a mechanical device that connects the electric motor (FB1-4001 DC) 
to the manual transmission (model T-45). The coupler has to be able to withstand the 
peak HP (100 HP) of the motor, and a maximum of 6000 RPM. The material selected for 
the Coupler is low carbon steel (donated). The coupler design was done using 
SolidWorks (design software). Figure 5 represents the final coupler design. See Appendix 
E for coupler weighted decision matrix, calculations and dimensional drawings. 
  

 
 

 
Figure 5 Coupler Design

Set screw holes 

Transmission end  

Motor end w/key way  
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Controller Selection 
 

Once the DC motor (FB1 - 4001) was selected the next step was to choose a 
controller, which is the one that controls the speed of the motor. There are several types 
of controllers in the market but the DC motor dealer advised choosing a Curtis 1231C 
controller because it provides smooth, silent, cost-effective control of the motor speed 
and torque. Some of the features 7

• Infinitely variable drive and brake control 
 of this controller are: 

• Provide high efficiency (for reduce motor and battery losses) and silent operation 
• Thermal protection and compensation circuit provides both under-temperature 

and over-temperature cutback, as well as steady current limit throughout the entire 
operating range 

See Appendix F for controller’s information. 
 
 

 
Figure 6 Curtis Controller 1231 C 
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Charger Selection 
 

The charger is a very important part of the conversion because its main function is 
to charge the batteries when required. The project goal was to select a charger that is able 
to have an input of 115Vac (regular voltage for a household in Cincinnati) and an output 
of 144Vac. To select a charger, the total lead weigh of the batteries was taken into 
consideration. E.g. it’s recommended to use a 240V charger if the total lead weight of the 
battery is more than 820 lbs (the project conversion has a battery weight of 792lbs ) see 
Mr. Newman’s paper for batteries information. 

Charger Technology has advanced tremendously in the last decade. Twenty years 
ago chargers used to slug voltage into the batteries until the charger was turned off, 
causing the batteries to gas heavily toward the end of the charge. This problem has been 
resolved with new technology; last generation of chargers can sense the levels of charge 
in the battery packs and taper the charging current as necessary.  

The Charger selected was the Zivan NG3 1500 watts because one of the project 
requirements was to be able to charge the vehicle using an input voltage of 115V AC and 
also provides an output voltage of 144V DC. Table 4 gives a comparison between two 
NG3 chargers; the charger selected is the highlighted one. 

 
Table 4 Charger specs 

Operating 

Model Input 
Voltage 

Pack 
Voltage 

Input 
Current 

Output 
Current 

Maximum 
Capacity 

NG3 

115V AC 
50-60 Hz 96-144V DC 18A AC 11-16A DC 1500 Watts 

230V AC 
50-60 Hz 96-288V DC 14A AC 8-26A DC 2800 Watts 

 

      
Figure 7 Zivan NG3 Charger 
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SAFETY 
 

The DC power (144V) that the project required was lethal; therefore constant 
awareness of safety measures was a main priority. The following are the safety 
procedures taken during the conversion. 

 
• Rings, watches and other electrical conductors were prohibited around the 

vehicle. 
• Safety glasses were used while working with batteries, machining or fabricating 

parts.  
• Insulated tools were used when working with batteries or cables.  
• The battery connection was done one at a time in order to avoid any type of 

accidents. 
• All wiring of the vehicle was color coded and label by function for ease 

troubleshooting. 
• Power cable was enclosed in a PVC hose to eliminate the possibility of its 

insulation chafing against the vehicle frame. 
• Engine hoist was used to remove ICE and also to move heavy parts. 

 

PREP WORK AND FABRICATION 
 
Prep Work 
 

To prepare the donor car several parts were removed such as: 
• ICE using the motor hoist 
• The automatic transmission (install a manual transmission) 
• The ICE wiring harness 
• The gas tank 
• Fuel lines 
• Backseat 
The power steering was converted to manual steering, the engine compartment and 

vehicle frame were clean and painted, and the brake system was repair. A vacuum pump 
and a vacuum switch were installed on the engine compartment to operate the brakes. 
 
 
Fabrication 
 

The parts fabricated include: 
• The battery support frame which was welded and bolted to the vehicle frame. 

There are two different battery compartments, the front compartment which holds 
4 batteries and the rear compartment (mounted in place if the back seat) which 
holds 8 batteries. 

• Throttle linkage, which regulates the gas pedal to the pot box. 
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• Control board to mount the electric components on the engine compartment. 
• Modify dashboard to mount the voltmeter and ammeter (standard gauges were 

removed) 
 

MACHINING 
 

The machining of parts is a critical step in the electric vehicle conversion. It does 
not only facilitate the conversion and speed up the process when is done right, but, it also 
can delay the conversion, elevate the price of the conversion, break expensive equipment 
if not properly trained, and build up frustration when mistakes are made. Common 
machining mistakes can include the selection of the wrong part material, wrong part 
dimensions, wrong machining process, or use by untrained personnel. 
  
Coupler Machining 
 

The coupler was the most complex and technical part of the project; therefore, 
before the coupler was machined, a rapid prototype of the part was made to assure that all 
the dimensions and clearances were good enough to fit the electric motor as well as the 
spline for the transmission. Once the rapid prototype confirmed that the design was 
accurate, then two different bar stock were donated (high carbon steel and low carbon 
steel). 

The coupler machining took place at the University of Cincinnati, College of 
Applied Science machine shop. The equipment provided, a Cincinnati manual engine 
lathe, was not the appropriate model to bore high carbon steel bar stock. For that reason, 
the low carbon steel bar stock was chosen (either one was ideal for the type of 
application). Also, to speed the machining process up, a shoulder with key way (same 
size than the electric motor) was purchased from tractor supply (school did not have the 
equipment to do the key way).  

First, the bar stock was cut to length (4.5 in) using a band saw, then the bar was 
place into the lathe and bore-out  a 1.5 in Dia. hole for shoulder, after that, the shoulder 
was welded to the bar stock. 

The next step was to turn the coupler to an accurate length of 4.50in (measure by 
digital calipers), then, a 1.53in Dia. hole was bore-out (for spline), figure 8.  Four holes 
were drilled and tapped to secure the shoulder and the spline to the coupler (2 for each 
one). The spline was finally welded in place to the coupler for safety reasons. Figure 9 
(before weld) 

 



 

 17 

 
Figure 8 Coupler (machining) 

 
 

 
Figure 9 Coupler (with spline) 

 
 

ASSEMBLY OF PARTS AND ELECTRICAL 
COMPONENTS  
 

Before starting assembling the vehicle several safety precautions were taken. See 
safety section. 
 
Assembly 
 

Ones the donor car had been identify, 1991 Ford Mustang LX, a place to put the 
batteries and main electric compartments had to be visualized. The batteries were going 
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to be maintained, tested, inspected and probably removed. The place for it had to be easy 
to access and also isolated from driver seat (battery gasses and vapors) and road water.  

The location of the back seat was the appropriate place to put some of the 
batteries (8). The location of the ICE compartment was selected for the rest of the 
batteries (4) to distribute the weight of the car. 

The controller board, where the main electrical components were placed was 
mounted above the electrical motor and the front battery (traction battery pack) 
compartment. In the controller board the contactors, the controller, the pot box, shunt and 
control fuses were mounted. The contactors were mounted in each side of the controller 
to maintain separation between he live connections. The pot box was limited by the 
acceleration cable; therefore it was mounted at the edge of the board. (Close to the 
acceleration cable) 

The electric motor was mounted where the ICE was. The coupler was installed 
before the electric motor was bolted to the transmission; the coupler was secure with 2 set 
screws to the electric motor shaft. The center of the motor shaft and the center of the 
input shaft of the transmission must be aligned; a tolerance of 0.005in was advice. 

The Curtis controller was mounted on a head sink, with access to air flow (on 
controller board). An inertia switch was mounted on the firewall of the vehicle; this 
allowed it to take an impact in an accident to shut down the 12v control system 

The voltmeter and ammeter were mounted on the dashboard. The voltmeter reads 
the battery pack voltage when the ignition switch is on and it reads 0 when the ignition 
switch is off. The ammeter monitors the motor current. 

To wire the EV a wire diagram was followed. Electric Vehicles of America 
provide such a diagram; see Appendix H for more information. Two different type of 
cables were use a 2/0 cable (positive and negative) for 144V and 14 gage cable (positive 
and negative) for the 12 V. 

 
 

PROOF OF DESIGN AND TESTING 
 

This section describes the project proof of design and the method use to test them. 
 

• Top speed > 60 mph measure by a GPS device 
 
 
The vehicle was driven on the highway (71 south Cincinnati, Ohio) and reached a 

maximum speed of 61.7 mph according to our GPS device. Figure 10 shows the GPS 
device and max speed (between the voltmeter and ammeter gauges).  
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Figure 10 Max Speed 

 
 
 

• Range between charges on level pavement transporting 400lbs (including driver 
and a passenger) > 20 miles measure by a GPS device. 

 
 

The vehicle was driven in Showcase Cinemas Cincinnati parking lot. The vehicle 
ran for 24 miles before stopping the test. Figure 11 shows the GPS device with the 
total range. Each lap in the parking lot was 0.52 miles therefore the vehicle did 
around 46 laps!!! 
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Figure 11 Final Range 

 
• Total conversion cost < $10,000 proved by bill of materials. 
 

 
Table 5 gives brief information of the bill of materials; see Appendix K for detail 

information, and shows a total vehicle conversion of $9,504.73. 
 

Table 5 Summarized Bill of Material 

Item vendor cost 

1991 Mustang private 750.00 

electric components EV America 1192.00 

Controller, Contactors EV America 1787.00 

Misc, Trans & acc batt  3001.47 

Trojan batteries 30XHS Trojan 1740.00 

Charger EV America 1005.00 

In-Line Blow Hern Marine 29.26 

 Total Cost $9,504.73 
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• Energy cost savings in compare with different ICE and hybrid vehicles. Proved 
by a cost analysis table. 

 
 

Using May 30th gas prices ($3.36/gal) table 6 was designed. To make the calculations 
simpler, 24,000 base miles was used to replace the lead acid batteries. Maintenance cost 
for gas-power vehicles was based on manufacturer recommendation. Batteries price 
($1,700.00) for REV07

  
 
From table 6 Rev 

 was based on provider. Also, a 0.057/kw-h (Duke Energy 
information) rate was use to charge the batteries. 

 

07 was between the Toyota Echo and Toyota Corolla when gas 
prices are $3.36/gallon.  With a projected $5.00/gallon, there is no comparison to Rev 07

• Zero local fossil fuel emissions (carbon dioxide, CO

. 
 
 

2
 
 

). 

Electric vehicles produce zero carbon dioxide, and if charged using clean energy such 
as wind energy, and solar energy power plant emissions are eliminated. 

Model Rev 07 Honda 
Insight

Toyota 
Prius

Toyota 
Echo

Toyota 
Corolla

For 
explorer Hummer H2

Maintenance cost per mile * $0.073 $0.033 $0.018 $0.021 $0.021 $0.031 $0.043
MPG $63.000 $48.600 $41.500 $37.800 $17.000 $14.500
Fuel Cost per mile ** $0.030 $0.053 $0.069 $0.081 $0.089 $0.198 $0.232
Total Cost per mile @ 3.36/ gallon $0.103 $0.086 $0.087 $0.102 $0.110 $0.229 $0.275
Cost per 24000 miles @ $3.36/ gallon $2,467.200 $2,072.000 $2,091.259 $2,447.133 $2,637.333 $5,487.529 $6,593.379
Cost per 24000 miles @ $5.00/ gallon $2,467.200 $2,696.762 $2,901.136 $3,395.566 $3,678.603 $7,802.824 $9,307.862

* Includes batteries replacement REV 07. Mainteinance cost for gassoline-power vehicles is based on manufacturer'srecommended service.
** Fuel cost for Rev 07  figured at 0.057 kwh according to Duke Energy. Assumed 2 miles/kwh for REV07 according to EV of america
** Fuel cost for ICE scenario 1 $3.36
** Fuel cost for ICE scenario 2 $5.00

Cost per mile comparison of REV07 with varios ICE and hibrid cars

Table 6 Cost per Mile Comparison 
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PROJECT MANAGEMENT 
 
Schedule and Budget 
 

The electric car conversion REV 07 was tested on May 12-13, 2007 and was 
displayed on Tech Expo on May 16, 2007. Tech Expo was the event where all the designs 
from College of Applied Science were display to the public. REV07 was the main 
attraction of Tech Expo 2007 and won Best of MET and Best of the Tech Expo 2007. A 
proposed schedule can be found on Appendix D (personal and Team). Table 7 has some 
of the main points of the project. 

The proposed budget was $8,540 the final cost of the conversion is $9,504 the 
project was 11% over budget due to the following reasons: 

• Battery cost increase 
• Body work and paint 
• Transmission (needed to buy a new one) 
• Tires (needed to buy a new set) 
• Aluminum cost 

 
Table 7 final schedule 
 
Task / Dates 

9/1/6 
9/11 

– 
9/17 

1/8 
 – 

3/15 

3/16 
- 

4/6 

4/8  
- 

4/16 

4/16 
–  

5/1 

5/2 
– 

5/11 

5/12 
–  

5/13 

5/15 
–  

516 
5/30 6/4/7 

Final concepts and research            

Purchase donor car  9/12          

Fabrication            

Order electronics and motor   2/1         

Machining            

Assembly            

Install batteries and electronics            

Exterior work and paint            

Final testing and proof of design            

Tech Expo setup            

Tech Expo            

Final Presentation            

Final report due            
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CONCLUSIONS 
 

A year ago, we envisioned an environmentally friendly sports car. Through this 
electric conversion project, a relatively inexpensive way to attain this vision was 
achieved. The project proved that the technology exists and can be applied to the needs of 
the common consumer.  It is the belief of the owners of this project that the electric 
vehicle will be a growing part of the global society.  Interest levels in EV technology are 
expected to increase and rise among our generation.  This project can be used in the 
future as a tool to achieve more energy efficient and clean technology. 
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APPENDIX A: Research 
 
Electronic Research Documentation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

80-mile range is nearly 4 times the distance the 
average commuter travels per day. 
1/4 mile in 12 seconds at over 120 mph. 
Perpendicular parking because of small size. 
Radical design. 
 

Cost $108,000 w/$10,000 deposit 
Expensive 
Radical design 
Ugly styling 
 
 Reduce traffic and pollution with the Tango, a car that fits its use! This tandem two-seater can get 

you safely and comfortably to work and back without wasted space or fuel. The Tango--being 6" 
narrower than many motorcycles--takes less than half the space of the average car on the freeway, 
thereby doubling the capacity of existing freeway lanes. Tango can fit in a future 6 foot lane 
easier than a truck fits in a standard 12 foot lane. To fight pollution it is available as an electric 
zero-emission vehicle. 

80-mile range 
0 to 60 mph in 4 seconds 
Recharge 80% in just 10 minutes from a 200 amp charging station 
Good handling 

 

  

[1] http://www.commutercars.com  Tango, an ultra-narrow, freeway-capable, stable, safe 
vehicle that fits anywhere a motorcycle fits 
 

http://www.commutercars.com/�
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[2] http://www.teslamotors.com/performance/specs.php   10/02/06 2006 Tesla Motors, Inc 

Expensive 
 

2-seat, open-top, rear-drive roadster 
 
Electric motor with 2-speed electric-
shift manual transmission with 
integral differential 
 
4-wheel disc brakes with ABS 

Tesla Motors is one of the first electric auto makers in the US, its 2006 sports car “Tesla 
Roadster” is revolutionizing the auto industry with their technology and futuristic style. Some 
of the specs are impressive, and it is a motivation to our auto conversion. The future of the 
industry will lean toward EV. 

[3] http://www.electroauto.com/gallery/lynx.shtml    All info © Electro Automotive 2001-
2006Mercury Lynx 1986 

     

  

 

 

Top Speed: 70 mph 
Range: 48 miles 
120v w/12v batteries 
Advanced DC 8” Dia. motor 
Cheaper than gas to operate 

Limited storage 
Familiar economy car styling 
 

Combustion engine to electric car conversion. Most basic conversions will reach at least 55-65 
mph. High performance street conversions may reach 85-90 mph, or even more. This car has an 
economy car styling with little storage.  

http://www.teslamotors.com/performance/specs.php�
http://www.electroauto.com/gallery/lynx.shtml�
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[4] http://jerryrig.com/convert/step1.html  “Jerry’s electric car conversion” 

Range drops 30% 
winter 
1032 lbs for batteries 

Range: 35 miles 
Up to 75 mph (pick) 
65 continuous 
Electric Motor: 9" diameter, 
16" long, 140lbs “FB1-
4001A” 
12 of the deep cycle 12 volt 

  

This is an actual conversion from internal combustion engine to electrical one. It is a good start 
for our research and we will try to improve its performance 

http://jerryrig.com/convert/step1.html�
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APPENDIX B: Survey 
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APPENDIX C QFD 
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APPENDIX D: Motor Weighted Decision Matrix 
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APPENDIX E: Coupler Drawings and Calculation 
Weighted Decision Matrix 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 



 

 32 

Coupler Calculations 
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Dimensional Coupler Drawings 
 
Motor Side 
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Transmission Side 
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3D Coupler Drawings  

 
 
 
Coupler without spline Coupler with spline 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Motor with Coupler 
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APPENDIX F: Controller General Information 
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APPENDIX G: Car Assembly Drawings 
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APPENDIX H: Electric Vehicle Wiring Diagram 
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APPENDIX I Proposed Schedule 
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Team Schedule 
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APPENDIX J Proposed Budget 
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APPENDIX K Bill of Materials 
 
 

Qty unit price total price
Donor Car

1 1991 Mustang LX 750 750
Drive line

1 Driveshaft 60 60
1 Advanced FB1-4001A motor 1595 1595
1 Curtis Controller 1231C-8601 1495 1495
2 Albright contactors SW-200 150 300
1 aluminum plate/heat sink compound/12v fan 50 50
1 PB-6 curtis potbox 90 90

Battery system
12 Trojan batteries 30XHS 12v 145 1740
24 battery terminal protective covers 1.5 36
1 2/0 cable package 300 300
1 Zivan charger NG3, 1700 watts 980 980
1 Thermal probe 40 40

Instrumentation
1 60-160v voltmeter 65 65
1 0-400amp ammeter 65 65
1 50mv shunt 30 30

Brakes / Suspension
1 vacuum pump (12v) 225 225
1 vacuum switch 135 135
1 in-line fuse holders 5 5

Safety
1 Littlefuse L25S-400 55 55
1 Littlefuse holder 25 25
2 Pair Anderson Connectors SBX-350 64 128
1 Fuseholder (4) - control board 15 15
1 First inertia switch-auto shutoff 12v system 45 45

Miscellaneous
Shipping & Handling 64 96

Exterior work 400 400
Steel angle 200 200

Miscellaneous nuts, bolts, parts 579.73 579.73
total 2335.5 9504.73
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APPENDIX L: Relation between Carbon Dioxide and Temperatures 
 
 
 
 
 

 
Carbon dioxide during the last 400,000 years and the 
rapid rise since the Industrial Revolution; changes in the 
Earth's orbit around the Sun, known as Milankovitch 
cycles, are believed to be the pacemaker of the 100,000 
year ice age cycle 
 

Calculations of global warming prepared in or before 2001 
from a range of climate models under the SRES A2 
emissions scenario, which assumes no action is taken to 
reduce emissions. 
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