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Introduction:  

The purpose of the project was to convert a gas pow ered motorcycle 
into an electric motorcycle.  Also this project all owed group members 
to develop skills for the design process as well as  use information 
from the Systems Design courses.  The primary objec tive was to design 
an electric motorcycle to travel a distance of 20-3 0 miles on a single 
battery charge.  This motorcycle would be ideal to meet commuting 
needs as well as to operate in local driving condit ions. 

The basic design concept used the frame of a gas po wered motorcycle.  
The motor and transmission from the old motorcycle was removed and 
replaced with an electric motor and batteries.  A d irect drive system 
was used to replace the transmission. 

Motorcycle Selection:  

The desired motorcycle chassis had to meet the foll owing 
specifications: 

·  Large Engine to provide ample space for batteries a nd electric 
motor 

·  Steel frame for ease of modification 

·  Lowest possible weight 

·  Rear sprocket 

·  Operation brakes 

·  Good tires and suspension 

·  No damage to the frame 

·  Low cost 

The motorcycle chassis chosen was a 1974 Suzuki GT7 50 purchased from 
Lemon and Barrett’s in Mineral Wells, WV.  The GT75 0 had a 738 cc, 3 
cylinder 2 stroke engine.  The large engine created  an ideal amount of 
space for an electric motor and four 12 volt batter ies.  Unfortunately 
the motorcycle had a very heavy frame compared to s ome of the other 
motorcycles that were considered.  Another deciding  factor was the 
steel frame.  This made welding other components to  the frame easier.  
The price also made it attractive at only $250.  Re fer to Figure 4 on 
A3. 

Motor:  

The electric motor kit selected for the design was a Briggs and 
Stratton E-Tek R.  The E-Tek R is a 48 volt electri c motor.  It 
delivers a peak horsepower of 15 HP and 8 continuou s HP.  Also, a 
Magura twist grip throttle, wire kit, and a 250 amp  fuse were 
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purchased.  The cost of the motor kit was $1075 and  was ordered from 
electricmotorsport.com.  Refer to Figure 1 on A3. 

Batteries and Charger:  

The desired specifications for the battery were as follows: 

·  Deep cycle batteries 

·  12 volts for 48 total volts 

·  High amp hours 

·  light weight 

·  Compact size 

·  Reasonably priced 

Four EB50-12 batteries, manufactured by B.B. Batter ies, were selected 
for the power source.  The batteries are 12 V batte ries and weigh in 
at 36.4 lbs each.  The EB50-12 has an amp hour (Ah)  rating of 50 Ah. 
The EB50-12 battery is lighter and smaller than a t ypical 12 V car 
battery that was originally considered.  The cost f or one battery was 
$145.  Refer to Figure 3 on A3. 

The battery charger purchased for the project was a  48 V, 4 amp 
charger produced by Soneil.  This charging system w ill charge fully 
discharged batteries in eleven hours.     

Budget:  

The original projected cost for the project was det ermined to be 
$2522.80.  The project budget was significantly dif ferent from the 
original projected budget. The final budget came ou t to be $2706.70.  
This was cost of all purchased parts.  If the budge t is limited to 
only the parts used on the bike, it comes to $2109. 22.  This is due to 
the purchasing the first controller and then not be ing able to use it.  

A large portion of the funding came from the Dean o f Engineering at 
the Leonard C. Nelson College of Engineering and Sc iences.  This 
support provided increased funding to purchase the motor, controller 
and better batteries used in the project.  Also don ations from WVU 
Tech’s Mechanical Engineering Department and Dr. Ji m and Sherry Turner 
mom helped cover the cost for other items used for the project. Refer 
to Figure 21 on A8. 
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Calculations and Data:  

Various calculations have been performed dealing wi th the operation 
and optimal design of this motorcycle. Various cond itions were 
considered in the calculations. These conditions in clude both constant 
speed and acceleration on both flat ground and on v arious inclines. 
These calculations are only preliminary and do not reflect any type of 
testing. These are based on theory.  The maximum sp eed was assumed to 
be 50 mph. Refer to Figure 9 on A5. 

Some testing has been completed.  The top speed rea ched during testing 
was 45 mph. Due to limited testing space and weathe r conditions higher 
speeds were not able to be obtained.  The maximum a cceleration 
achieved was 5 mph/s.  The test results demonstrate  that the 
calculations are accurate.  Further testing will be  conducted in the 
future to gather more data and allow for better com parisons between 
test results and the expected performance of the el ectric motorcycle. 

Preparation  

The preparation involved in this project started in  the fall of 2008.  
The project planning started with a lot of thought given to the 
feasibility of the entire project.  Once the feasib ility was 
determined, the research was started.  This include d past projects, 
the work and components involved, and the state of the art of current 
electric vehicles.   

The project Gantt chart was created first.  This sh owed the projects 
projected timeline.  An initial budget was then cre ated with estimated 
costs.  The total estimated cost was calculated to be $2552.66.  The 
costs were broken down into each component and cost s that would be 
incurred.  Refer to Figures 7 and 8 on A4 and A5. 

Once the budget and timeline were finalized the mot orcycle was then 
purchased.  This was financed by the Mechanical Eng ineering 
Department.  The final cost of the motorcycle was $ 250.00.   

The main components were then purchased.  These wer e the motor kit and 
the batteries.  The motor kit included the motor, c ontroller, 
throttle, fuse, and wire.  Dr. Cercone paid for all  of these 
components as mentioned above.   

Once the components were purchased, the cleaning of  the frame took 
place.  This involved removing all the parts that w as possible and 
then using a wire brush to remove all the grease an d paint from the 
frame.  After this the frame was painted with prime r to avoid rusting.   
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After the frame was painted, the design and manufac turing took place.  
Refer to Figures 11 and 12 on A6. 

Design and Manufacturing:  

Four key items had to be designed and mounted on to  the motorcycle 
frame.  The two of greatest importance were the mot or plate and the 
battery trays.  The other two items were the chargi ng system and the 
contactor and controller mounts. 

The motor plate was designed to mount to the origin al gasoline motor 
mounts.  A large hole was drilled in the motor plat e to allow the 
drive shaft of the electric motor to pass through i t.  Holes were 
drilled in the plate at the locations that allowed for the electric 
motor to be properly positioned when mounted to the  motor plate.  
Refer to Figures 6 and 18. 

The battery trays were designed to be slightly larg er than the 
dimensions of the battery.  This allowed for the ba tteries to be 
easily placed in the trays.  The trays were mounted  directly to the 
frame of the motorcycle by welding.  Extra care was  taken to ensure 
that the batteries were centered in the motorcycle frame to help 
maintain the balance of the motorcycle.  Thin rubbe r sheets were place 
on the top, bottom, and sides of each battery to re duce vibrations and 
to ensure that the battery terminals do not come in  contact with the 
frame.  Preventing contact between the terminals an d frame is key to 
preventing short circuiting and possible injury to the rider.  
Removable straps were added to the battery trays to  make sure the 
batteries do not slide out of the trays.  Refer to Figures 5, 13 and 
15. 

The charging system was mounted in the area that th e gas tank of the 
motorcycle used to be.  The bottom portion of the g as tank was 
removed.  A retractable extensions cord was mounted  inside the gas 
tank.  The plug comes out of the gas cover which ca n be plugged into 
any traditional 3 prong receptacle. The battery cha rger was mounted 
directly to the frame above the battery trays.  Thi s was an ideal 
location considering the locations of the batteries  and the power 
cord. 

The contactor and motor controller were mounted bel ow the seat near 
the motor plate.  This location was chosen because the components fit 
nicely.  The position relative to the batteries and  motor was 
convenient. 

 



��
�

Idealization  

A major drawback of this project was the lack of fu nds.  With better 
funding more efficient components could have been p urchased.  A list 
was made while researching this project of the comp onents that would 
have been ideal for this project.  This list includ ed a lighter bike 
frame, lithium ion or nickel-metal hydride batterie s, and manual 
transmission.   

The bike frame that was used was heavier than other s that were 
considered.  A lighter frame would have lengthened the total distance 
the bike would have been able to travel.  An ideal frame would have 
been made of aluminum with lightweight allow wheels .  A drawback of 
this would have been the welding since it is more d ifficult with 
aluminum.   

The ideal battery choice would be lithium ion cells .  These are the 
state of the art at the moment.  They have a very h igh energy density 
making their power to weight ratio very high compar ed to lead acid 
batteries.  With the batteries’ higher energy densi ty, comes a higher 
price.  This is the main drawback of these batterie s.  Another 
drawback is the charging. These cells must be charg ed very delicately 
because they have a tendency to explode with incorr ect charging.   

The transmission would have been ideal because it w ould greatly reduce 
the power needed to accelerate.  This would allow f or both a high top 
speed and a low gearing for accelerating from a sta nd still.  This was 
not implemented due to time and space restrictions.   The current 
gearing requires a compromise of top speed and acce leration. 

Major Project Set Backs:  

There were two primary setbacks encountered during the process.  The 
first setback was not having sufficient funding whe n the project was 
started.  The second major setback occurred with wi ring and the motor 
controllers.   

Funding was difficult to find.  The team worked wit h the Dean’s office 
to produce the funds necessary to complete the proj ect.  Getting 
sponsorships from local businesses was considered, but little came of 
it.  Eventually the Dean decided to fund the majori ty of the project.  
This funding ensured that the project would go beyo nd the conceptual 
phase.  Additional funding from the ME Department a nd one outside 
contributor was a great addition. 

The motor controllers gave the design team a real p roblem.  The first 
controller selected was Sevcon 4 MilliPak.  The con troller was 
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programmed to use a 24 V contactor, instead of a 12  V contactor that 
was originally purchased.  This controller proved t o be overly 
complicated and more than what was needed.  Eventua lly the controller 
experienced an internal fault.   

The second controller that was used was a simplifie d design given to 
the team by Nate Kidd, an electrical engineering st udent at WVU Tech.  
The controller worked when a 12 V source was used.  The controller 
burned when a 48 V source was applied.  This was du e to too much 
current entering the system.   

The final controller used in this project was an Al ltrax PICAXE 4834.  
This was paid for by the Mechanical Engineering Dep artment.  An easy 
to read wiring diagram was provided with this contr oller.   

Conclusions:  

The purpose of this project was to convert a gasoli ne powered 
motorcycle to an electric motorcycle.  The project required the team 
to use material learned in Systems Design 1 to plan  and complete the 
project.  The project also taught the team how to e ffectively work as 
a unit by maximizing the use of skills possessed by  each member.  It 
also demonstrated the need for proper planning, all owing time for 
unexpected problems to occur and time to solve thos e problems.  Over 
all, the senior project is an important learning to ol for all those 
involved. 
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Appendices 

Appendix 1: Components 

 Purchased Components        Page 

  Figure 1: Briggs and Stratton E-Tek R Motor   A3 

  Figure 2: Alltrax AXE4834 Controller    A3 

  Figure 3: EB50-12 Batteries      A3 

  Figure 4: 1974 Suzuki GT750 Chassis     A3 

 Fabricated Components 

  Figure 5: Battery Tray       A4 

  Figure 6: Motor Plate       A4  

Appendix 2: Preparations 

 Figure 7: Initial Gantt Chart      A4 

 Figure 8: Final Gantt Chart       A5 

 Figure 9: Real Driving Simulation     A5 

 Figure 10: Electricity versus Gasoline     A6 

 Figure 11: Motorcycle Chassis 1      A6 

 Figure 12: Motorcycle Chassis 2      A6 

Appendix 3: NX 6 Design Analysis 

 Figure 13: Battery Tray CAD Model     A6 

 Figure 14: Battery Tray FEM Model     A6 

 Figure 15: Battery Tray Stress Analysis    A7 

 Figure 16: Motor Plate CAD model      A7 

 Figure 17: Motor Plate FEM Model      A7 

 Figure 18: Motor plate Stress Analysis     A7 

 Figure 19: Battery CAD Model      A7 

 Figure 20: Battery and Tray CAD Model     A7 
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Appendix 4: Budget 

 Figure 21: Budget        A8 

Appendix 5: Final Assembly 

 Figure 22: Motorcycle Picture 1      A8 

 Figure 23: Motorcycle Picture 2      A8 

 Figure 24: Motorcycle Picture 3      A9 

 Figure 25: Motorcycle Picture 4      A9 

Appendix 6: Wiring Diagram 

 Figure 26: Wiring Diagram       A10 
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Figure 1: Briggs and Stratton E-Tek R Motor        Figure 3: EB50-12 Batteries 

 

 

 

 

    

 

 
 

Figure 2: Alltrax AXE4834 Controller  Figure 4: 197 4 Suzuki GT750 Chassis 
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Figure 5: Battery Tray     Figure 6: Motor Plate 

 

 

 

          
Electric Bike Conversion Gantt Chart 
Timeline    

                         
October   November January   February   March   April     May 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 
Research                       
   Budget                     
    Sponsorship                  
       Purchasing               

Design                 
    Calculations                
           Building        
                Testing    
                      Demo 

 

   Figure 7: Initial Gantt Chart 
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Electric Bike Conversion Gantt Chart Timeline 
October   November   January     February   March     April     May 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 
Research                          
    Budget                        
   Calculations                  

    
Design of Bike 

Specs                   

      
Design of Bike 

Layout                 

        
Purchasing 

the Bike                
         Buy Batteries                
          Build Batt. Trays             

           
Buy Electric Motor 

Kit           

                 
Drivetrain 
Assembly      

                 Motor Mount    
                 Electric Assembly    
                        Testing 
                                              Demo 

 

Figure 8: Final Gantt Chart 

Accelerating at 4 mph/sec 

Accelerating 
to 40 mph 

Total KWh 
from the 
batteries 

KW needed 
for 

accelerating 
at 

4mph/sec 

Accelerating 
Time in 

Hours (30 
stop and 

go's) 

KWh used when 
accelerating at 4 

mph/sec for a 
total of 5 min 

worth of 
accelerating 

Distance 
traveled 

accelerating 

0 to 5 0.703 0.01 0.01 0.05 
5 to 10 2.114 0.01 0.02 0.10 
10 to 15 3.542 0.01 0.04 0.16 

15 to 20 4.996 0.01 0.05 0.21 
20 to 25 6.487 0.01 0.07 0.26 
25 to 30  8.027 0.01 0.08 0.31 
30 to 35 9.625 0.01 0.10 0.36 

35 to 40 

1.36153103 

11.293 0.01 0.12 0.42 

Total KWh 
used 

accelerating 
Remaining 

KWh 

Hours of 
constant 
speed 

Distance 
traveled in 
miles after 

Accelerating 
at 40 mph 

Distance traveled 
accelerating 

(miles) 

Total 
Distance 

traveled in 
miles 

0.49 0.87 0.50 20.14 1.88 22.02 
    

Figure 9: Real Driving Simulation 
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Figure 10: Electricity verses Gasoline 

 

  

Figure 11: Motorcycle Chassis 1              Figure  13: Battery Tray CAD Model  

 

 
 

Figure 12: Motorcycle Chassis 2                    Figure 14: Battery Tray FEM Model 

Price 
  Bike Car 

Miles/Charge (Bike) 22.02 - 
Miles/Gal (Car) - 30 
  Dollars/kWh 0.09 - 
Dollars/Gallon - 2.15 

Price/Mile 0.0098 0.072 
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Figure 15: Battery Tray Stress Analysis       Figur e 18: Motor Plate Stress Analysis 

 

 
Figure 16: Motor Plate CAD Model  Figure 19: Batter y CAD Model  

 
Figure 17: Motor Plate FEM Model  Figure 20: Batter y and Tray Model 
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�
����������� � � � � Original Budget �
����� ����� � � � Item Cost 
�
��� �������� � � � �
��� $300.00 
���� �!
�� �
"������� � � � !
�� $1,075.00 

����� 
��� �������� � � � �#� �� � $175.00 
$��� �%�
���� ���� � �������� � � � ����� 
��� $280.00 
�#� �� � �
������ � � � Chain $100.00 
&����������� � ������� � � � Gears $200.00 
�' �(���� ������� � � � General Costs $250.00 
��)*�)� ������ � � � � �
 �� �(��+���(� �� ����	�� � � � � �
'�
��� ������� � � � � �
(����(�� � ��
���� � � � � �
, ���
��� �� ��
���� � � � � �
-
 ��,� �
����� �
����� � � � � �
.�
(�� �� ������� � � � � �
� � � � � Subtotal $2,380.00 
� � � � � Taxes �
������
,����� ��"������� � � � Total $2,522.80 

 

   Figure 21: Budget 

 

 

 

       
 

Figure 22: Motorcycle Picture 1  Figure 23: Motorcy cle Picture 2 
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        Figure 24: Motorcycle Picture 3 

 

 

             Figure 25: Motorcycle Picture 4 
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Figure 26: Wiring Diagram 


