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ABSTRACT 
 

 

 This report will show the design process of a skateboard that uses gears to propel 

forward. The process starts off with researching other products and creating ideas from other 

designs. Then a survey was taken of what would be most important in the design to the 

customers.  After finding out what important features needed to be added to the skateboard 

design a schedule and budget was made to make it easier to stay on track throughout the 

design and fabrication process. The start of the design process then began by drawing several 

different kinds of designs and eliminating and narrowing down until the final design is 

chosen.  Next the calculations and 3D modeling are done to find out what is needed for the 

skateboard and how it will operate. Ordering parts and building a prototype are the final steps 

in the process along with testing and modifications. 



PEDAL PROPELLED SKATEBOARD LEANNE MERZ 

1 

 

INTRODUCTION 

PROBLEM STATEMENT 
 

 The motorized skateboards are heavy and oversized; the tricks that skateboarders do are 

not able to be performed on these kinds of skateboard. There are some that are powered by 

gas or battery powered, which can be expensive. These kinds of skateboards are also not 

good for the environment, which as global warming continues to get worse every day any 

little change to prevent it will help out and get people to become more aware of this problem. 

The plan is to design a skateboard that does not use any type of motor to propel forward; 

instead there will be a spring loaded foot pedal that the rider will continuously pump to make 

the skateboard move forward. The plan is to base the design based on how the railroad 

handcars are designed, the research of existing products that the design will be based off of 

can be seen in appendix a.  

 This product will be more useful for skateboarders that are trying to go off a ramp or 

perform tricks. When they need to be at an increased speed but do not have the space to do 

so, they can pump the pedal to make the skateboard go the required speed that is needed for 

going off a ramp or performing a trick. This skateboard can also be used to simply get from 

place to place and instead of the rider using their foot to push off of the ground, their feet can  

remain on the board, to keep their balance, and by pumping the pedal make the skateboard 

move forward. 
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EXISTING PRODUCTS 

GAS POWERED MOTOR SKATEBOARD 
   

 Gas scooter is the kinds of skateboards that are out on the market, it is a gas powered 

motorized skateboard, as shown in Figure 1 (1). This skateboard has a 49CC, single cylinder, 

two stroke engine that makes it run.  It holds only one liter of gas in it and has drum brakes 

which cause the skateboard to be heavy.  Disc brakes are not used because they stop the 

skateboard too suddenly and cause the skateboarder to fly forward and fall off of the 

skateboard. The maximum speed of this skateboard is 45km/h which is about 28 mph and can 

hold 150 kg which is about 330 pounds. The board itself is made of fiberglass material which 

makes the skateboard more flexible and helps with the suspension of the skateboard. This 

board weighs around sixty pounds and costs about $550.

Figure 1: Gas Powered Motor Skateboard 

49CC Motor 

Brake Lever 

Throttle Trigger 
Bindings 

Fiberglass board 
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ELECTRIC POWERED MOTOR SKATEBOARD 
 

 The electric powered skateboard shown in Figure 2 (2) has an 800 watt motor which can 

last for about twelve miles, when the battery is dead it takes between four to six hours for the 

battery to completely charge. The maximum speed is 20 mph, can only climb a slope up to 

ten degrees, and can hold up to 264 pounds. The total weight of the skateboard is 78 pounds, 

which is not good for skateboarders that want to perform tricks with the skateboard. This 

kind of skateboard is priced around $500 and the board is made from maple plywood. 

Figure 2: Electric Powered Motor Skateboard 

800 Watt Motor 
Maple Plywood Board 
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 1923 HANDCAR 
 

 This Handcar that is used to transport people on railroads is shown in Figure 3: 1923 

Handcar (3), is easy to understand how to use it, but it requires a lot of arm movement to 

move the lever up and down to make the handcar move forward. This design is made to only 

work on railroad tracks and does not have a method of steering. Also, this design is not light 

weight, it requires several people to lift and move the handcar. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: 1923 Handcar 

Lever 

Gear Mechanism 
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1924 HANDCAR 
 

The 1925 handcar, shown below in Figure 5: 1924 Handcar (4), requires the user to 

move the levers simultaneously to make it move forward. This design of the handcar does not 

require a lot of effort to for a lot of movement, it is made so that children will be able to work 

the levers and move the handcar forward. The driving mechanism, as shown in Figure 4: 

1924 Handcar Mechanism (4), is a small design that is able to fit underneath the car and 

move the wheel. The handcar is only made for use on railroads because it does not have any 

means of steering. While this handcar design is light weight for a handcar, one cannot carry it 

around from place to place, when it is not needed to be used. 

Figure 5: 1924 Handcar 

Figure 4: 1924 Handcar Mechanism 

Levers 

Driving Mechanism (Enlarged in 

Figure 4: 1924 Handcar 

Mechanism) 
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 BICYCLE 
 

  This bicycle is good for getting from place to place, but when the rider needs to go 

inside some place they have leave it outside and carry around a chain and lock to lock up the 

bicycle so that no one can steal the bike. In Figure 6: Bicycle (5), has a 21 speed drivetrain 

with wheels that are 26 inches. Most of the bicycles is made out of aluminum and the simple 

design of combination of a chain and gears make this bicycle easy to use.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 TRICYCLE 
 

 The tricycle, shown below in Figure 7: Tricycle (6), weighs 17.64 pounds and can hold 

up to 60 pounds on it. This is made for children ages 2 and up, but anyone who weighs over 

60 pounds will not be able to ride this tricycle with it functioning properly. There is not a lot 

of effort required to push the pedals and make the tricycle move either forward or backwards, 

depending on which direction the pedals are being pushed.

Figure 6: Bicycle 

Figure 7: Tricycle 
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WHEELCHAIR 
 

The Wheelchair requires either the operator’s hand to roll the wheels, or someone else to 

push them from behind using the handlebars. This wheelchair, as shown in Figure 8: 

Wheelchair (7), is a simple design so that customer will be able to easily understand how to 

make it move. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

METAL FOOT PEDAL 
 

 The metal foot pedal, shown in Figure 9: Metal Foot Pedal (8), has a “dual segment 

torsion spring is incorporated for idle position return.”1 The surface of the pedal is stamped to 

prevent the foot from slipping and to increase the strength of that part of the pedal.  It is made 

out of sheet metal and the bushings are plastic, which shows that it is light weight, but using 

plastic for the whole product will make it even more light weight.

                                                 
1 http://www.power-trans.net/throttle2.php  

Figure 8: Wheelchair 

Figure 9: Metal Foot Pedal 

http://www.power-trans.net/throttle2.php
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WOODEN FOOT PEDAL 
 

 The wooden foot pedal, as shown below in Figure 10: Wooden Foot Pedal (9), has a 

simple design and it is compact, but for the skateboard design it will need to be more 

compact. The material used in this design is wood and cheap plastic, which is not very 

reliable material 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTERVIEWS 
 

 Three people were interviewed to see what was important to see in this skateboard 

design. Matt Steffen (10), who skateboards frequently wants to see a reliable skateboard that 

is also lightweight and can still maneuver well. Ken Meyer (11) skateboards occasionally, 

would also light to see a lightweight skateboard so that he can easily carry it around when he 

is not riding it and he also want the pedal to be easy to push while he is riding it. Carri Craft 

(12) who also occasionally skateboards, said she would like it to be a simple design that 

would be easy to fix if broken and still be able to maintain her balance while she is pushing 

the pedal.  

Figure 10: Wooden Foot Pedal 
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CUSTOMER FEEDBACK, FEATURES, AND OBJECTIVES 

SURVEY ANALYSIS 
 

 Thirty-four out of forty customer surveys that were distributed were returned and 

analyzed to determine the customers’ needs for this product. The surveys were completed by 

four people who skateboard frequently, ten people who skateboard occasionally, fourteen 

people who use to skateboard when they were younger, and six people who have little to no 

skateboarding experience to get a wide range of opinions about what features are important 

and not so important to them (See appendix b for full survey and customer results). Below in 

Table 1: Customer Features Calculated lists the customer features and ranks them on a scale 

1-5, 5 being most important. The planned satisfaction was decided based on what the 

expected average satisfaction was going to be in the surveys.  
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Ease of use 4.4 3.3 4.0 1.2 5.4 0.16 16.1% 

Reliability 4.4 3.0 4.0 1.2 5.2 0.15 15.3% 

Safety 3.8 2.9 3.0 1.2 4.5 0.13 13.5% 

Affordable 3.8 3.7 3.0 1.1 4.1 0.12 12.2% 

Compact 3.8 3.4 3.5 0.9 3.4 0.10 10.0% 

Light weight 3.7 3.9 3.5 0.9 3.3 0.10 9.8% 

Range of operation 3.7 3.3 2.5 0.9 3.3 0.10 9.8% 

Speed of operation 3.1 3.0 3.0 1.0 3.0 0.09 8.9% 

Only uses manual power 2.7 4.5 3.5 0.6 1.5 0.04 4.5% 

         Table 1: Customer Features Calculated 
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 The survey questions had a range of functionality to the affordability and more. This 

satisfaction is ranked on a scale from 1-5 with 5 being the most satisfied. The results of how 

important these features are to the customers is listed below in Table 2: Survey Results of 

Customer Importance, they are ranked from most satisfied to least satisfied.  

 

Customer Importance 

Questions Surveyed Average 

Ease of use 4.41 

Reliability 4.38 

Safety 3.82 

Compact 3.82 

Affordable 3.76 

Light weight 3.71 

Range of operation 3.65 

Speed of operation 3.06 

Only uses manual power 2.74 

 

   Table 2: Survey Results of Customer Importance 

 

 The second half of the survey listed these same questions but surveyed the customer for 

their satisfaction on the current skateboards that are out on the market. This satisfaction is 

ranked on a scale from 1-5 with 5 being the most satisfied. The results of the satisfaction 

portion of the survey are listed below in Table 3: Survey Results of Customer Satisfaction, 

they are ranked from most satisfied to least satisfied. 

 

Customer Satisfaction 

Questions Surveyed Average 

Only uses manual power 4.53 

Light weight 3.94 

Affordable 3.66 

Compact 3.41 

Range of operation 3.31 

Ease of use 3.25 

Speed of operation 3.04 

Reliability 2.97 

Safety 2.94 

   Table 3: Survey Results of Customer Satisfaction 

 

 The results of this survey show that in the customer importance how easy the skateboard 

should be to use was the most important feature for the customers. How reliable the 

skateboard will be is the second most important feature to the customer. In the Customer 

satisfaction the most satisfying feature was using only manual power which is the opposite of 

the feature importance survey outcomes. With this evidence, new design concepts will 

address these desirable features as the voice of the customer.  
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PRODUCT FEATURES AND OBJECTIVES 
 

 The product objectives come from the list of customer features determined from the 

survey (see appendix b). The list below ranks the features in order of customer importance 

followed in parenthesis by the average response in the customer survey. Below each feature 

is the engineering characteristics followed by the method or objective that will be used for 

the prototype design. The features are ranked based on how important each feature is to the 

customer. It was calculated in a percentage from the quality function deployment (see 

APPENDIX C – Quality Function Deployment (QFD)) located next to each feature. These 

product features and objectives are: 

 

1. Ease of use (16.1%)  

 

The design of this skateboard will be so that it will be suitable for people that are ages 

10 and up. 

 

a. The foot pedal will be mounted on the top of the board part of the skateboard 

and have require a force no more than 100 pounds which is the standard force 

used on the accelerator in a car. 

b. The parts that will be used for this skateboard will have standard sizes so that 

when parts need to be taken off or added on, the tools needed to do so can be 

easily found in a hardware store and do not have to be modified. 

c. The time it takes to disassemble or assemble the parts added to the skateboard 

should take between 30-45 minutes. The simple design of the skateboard 

should make it easy for anyone to take it apart and fix anything that is broken 

within 45 minutes. 

 

2. Reliability (15.3%) 

 

a. Use steel material for the gears because it has a high in strength-to-weight 

ratio. Plastic is another option that can be used because it is dirt tolerant and 

does not need any addition lubrication  

b. The ability for the skateboard to withstand a force up to 300 pounds depends 

on the material that is used in the product. As stated before steel is a strong 

material that can handle large forces, while certain plastics can also hold a 

large force as well.  

 

3. Safety (13.5%) 

 

a. The foot pedal in this design will not have a large range of operation, it will be 

no greater than 7 inches. While riding the skateboard the more level the feet 

are the more balance the rider will have. With the heel of the foot pushing the 

pedal down the ball of the foot can remain on the board which will better 

maintain balance while riding. 
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4. Affordable (12.2%) 

 

a. Cost between $100-200 retail price  

b. The skateboard will be designed using standard parts that can be found in any 

hardware store, without any modification. 

 

5. Compact (10.0%) 

 

a. No parts will hang out the side of the skateboard so that the width of 

skateboard remain the same standard size which will make it easier to 

maneuver around.  

b. This skateboard will be designed with as few parts as possible, so that it will 

be more light weight and easier to carry around and lift off the ground while 

riding.  

c. The foot pedal on the board will be no greater than a 5x6 inch rectangle, so 

that there is enough room on the board for the rider’s feet. 

 

6. Light Weight (9.8%) 

 

a. Use lightweight materials such as plastic for the foot pedal not have any added 

parts hanging on the sides of the skateboard to keep it as lightweight and 

balanced as possible. The goal is to only add an extra 5-10 pounds on to a 

standard skateboard. 

7. Range of operation (9.8%) 

 

a. Have the foot pedal have a range of motion 5-7 inches, so that the rider can 

maintain better balance on while riding on the board.  

b. After pushing the foot pedal down once, fully the skateboard will go between 

2-4 feet forward. 

 

8. Speed of operation (8.9%) 

 

a. The speed of the skateboard after the foot pedal is pressed fully down once it 

will coast between 2-4 feet forward. 

b. After the foot pedal is pressed the force of the spring under the pedal will 

bring it back to resting position within 1 second after pushing it and fully 

releasing it, so that the rider can immediately push the foot pedal again.  

 

9. Only uses manual power (4.5%) 

 

a. No motor will be involved in this design, instead the skateboard will use a 

foot pedal located on the board part of the skateboard and a set of gears to 

make the wheels move. 
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 Quality function deployment ranked the engineering characteristics based on a 

percentage based on the customer surveys. In Table 4: Weight of Engineering Characteristics 

below the engineering characteristics listed in order from highest weighted to lowest 

weighted. The number of parts is less than twenty got the highest weight. The fewer parts 

that are involved in this design the more compact and light weight the skateboard will be 

making it easier for skateboarders to perform tricks and carry it around. The full QFD can be 

found in APPENDIX C, where the importance of the skateboard features can be found. 

Table 4: Weight of Engineering Characteristics 

 

 

QFD 

Engineering Characteristics Weight % 

Number of parts be < 20 14.0% 

Movement of pedal < 7in 11.2% 

Width of skateboard remains the same 8.9% 

Pedal be < 5x6 in 8.9% 

Weight of skateboard only an extra 5-10lbs 7.9% 

Can be disassembled/assembled with standard tools 6.8% 

No motor used 6.8% 

Force required to push pedal down, no greater force required on 

the accelerator of a car 
6.5% 

Have standard parts that can be found in any hardware store 6.4% 

Parts can stand up to 300lb force 6.0% 

Movement forward each time the pedal is pressed 5.6% 

Pedal spring back to resting position in 1 second 4.9% 

Retail price of skateboard between $100-200 3.6% 

Have parts replacement take between 30-45 minutes 2.6% 
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SCHEDULE AND BUDGET 
 

 

 The project schedule begins October 14, 2014 with the completion of a weighted 

objective method and proof of design statement. The project timeline covers 27 weeks and 

ends April 15, 2014 with the presentation of the final report, to get the basic schedule see 

Table 5: Schedule below, to get the full schedule see Appendix E. This project is currently 

on time according what the schedule says. 

 

   Table 5: Schedule 

 

 

 A budget of expenses documents the costs associated with this project (see Appendix F). 

All expected expenditures for this project are listed below and will be paid for by myself. 

The total budgeted cost for the skateboard was $225.  

 

Table 7: Actual Budget shows what the proposed cost was for this project.  

 

Table 7: Actual Budget shows that the actual cost of the skateboard turned out to be $337.84 

which is only $112.84 over budget. 

 

 

 

 

 

 

 

 

 

 

 

 October November December January February March  April 

Proof of Design 

Agreement 
                            

3-D Modeling                             

Calculations                             

Design Freeze                             

Shop Drawings                             

Order Parts                             

Report                             

Fabrication                             

Assembly                             

Final Testing                             

Tech Expo                             

Final Report Due                             
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Material  Price 

Skateboard  $    40.00 

Pedal  $    25.00 

 Spring $       5.00 

 Gears $    10.00 

 Screws $       5.00 

Gears  $  100.00 

Rod  $    10.00 

Miscellaneous Expenses  $    30.00 

 Total $  225.00 

Table 6: Proposed Budget 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7: Actual Budget 

  

Part Qty Price/ Part Total Cost 

Skateboard 1 $       15.00 $      15.00 

16 tooth sprocket 1 $       20.17 $      20.17 

30  tooth sprocket 1 $       97.81 $      97.81 

12 tooth spur gear 1 $       27.65 $      27.65 

Rachet sprocket 1 $       10.00 $      10.00 

1" Ball Bearings 4 $       11.57 $      46.28 

3/4" Ball Bearing 1 $         7.20 $        7.20 

3/4" Shaft 1 $       14.24 $      14.24 

1" Shaft 2 $       23.38 $      46.76 

Keys 1 $         0.46 $        0.46 

#40 Chain 1 $         8.00 $        8.00 

Pedal 1 $         1.27 $        1.27 

Spring 1 $         1.00 $        1.00 

Hinge 1 $         2.00 $        2.00 

Wheels 4 $       10.00 $      40.00 

  Total $   337.84 
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CONCEPT GENERATION AND SELECTION 
 

HANDCAR SKATEBOARD 
  

The first concept shown in Error! Reference source not found. is based off of the railroad 

andcar shown in Figure 4: 1924 Handcar Mechanism. As the foot pedal is pressed down the 

two bar linkage pushes in the bar that has a spring in it, turning the beveled gear that 

subsequently turns the other gears that are attached to the shaft of the wheels. Though this 

design is unique it is also complex and requires a lot of space underneath the skateboard.  

 
Figure 11: Handcar Skateboard 

 

PLANETARY GEAR SKATEBOARD 
 

 The second design concept, shown in Figure 12: Planetary Gear Skateboard, is based off 

of a sun and planet gear system. A closer look at what a sun and planet gear system looks like 

is shown in Figure 13: Sun and Planet Mechanism (13). As the smaller gear moves around 

the larger gear it does not rotate because there is a rod holding it still while it moves around 

the larger gear causing it to rotate. Connected to the larger gear will be a shaft that has a 

sprocket and chain on it that will rotate along with the larger gear. The other side of the chain 

will be connected to a smaller sprocket that will be located on the shaft that is connected to 

Side View 

B
ac

k
 

F
ro

n
t 

Beveled 

Gear 
Wheel 

Skateboard 

Moves in This 

Direction 

Foot 

Pedal 



PEDAL PROPELLED SKATEBOARD LEANNE MERZ 

17 

 

the wheels. The wheels for this skateboard will have to be at least six inches in diameter to 

make room for the mechanism underneath the skateboard. This design is unique and while it 

does require more space underneath the skateboard it could be a good design to use.  

 
Figure 12: Planetary Gear Skateboard 

 

 
Figure 13: Sun and Planet Mechanism 
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GEARS SKATEBOARD 
 

 The third design concept, shown in Figure 14: Gears Skateboard, uses gears and a two 

bar linkage to make the skateboard move. The gear ration would be about 3:1 so that the 

skateboard will have good acceleration. The larger gear will be connected to the two bar 

linkage that is also connected to the spring loaded foot pedal, making it rotate. When the 

larger gear rotates it will cause the smaller, that will be connected to the shaft, do the same.  

 
Figure 14: Gears Skateboard 

 

SEMI GEAR CRANK SKATEBOARD 
 

 The fourth design concept, shown in Figure 15: Semi Gear Crank Skateboard, has a semi 

gear crank. There is a two bar linkage that connects the spring loaded foot pedal and the semi 

gear crank making it rotate back and forth. It is connected to a gear on the shaft causing it to 

rotate and make the skateboard move. The problem with this design is that when the semi 

gear crank moves back to its starting position, it will also make the gear that it is connected 

to rotate backwards. With this design the skateboard will not be able to move far.  
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Figure 15: Semi Gear Crank Skateboard 

 

CHAIN/BELT SKATEBOARD 
 

 The final design concept, shown in Figure 16: Chain/Belt Skateboard, is a simple design 

based off a standard bicycle design. The pedal has a two bar linkage that makes the sprocket 

rotate, moving the chain and subsequently making the smaller sprocket that is connected to 

the shaft rotate.  
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Figure 16: Chain/Belt Skateboard 

 

 

 

 The concepts were evaluated using a weight decision matrix with a scale of 1, 3, and 9, 

shown in Table 8: Weighted Decision Matrix. 1 being weak and 9 being strong in 

importance. The planetary gear and the gears design scored the highest. The planetary gear 

skateboard is going to be the design concept, because of its unique design and high score in 

the matrix.  
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Ease of use 9 9 9 9 3 9 16.1% 

Affordable 9 9 9 9 3 9 12.2% 

Speed of operation 1 3 3 9 3 9 8.9% 

Range of operation 1 3 3 9 3 9 9.8% 

Reliability 3 3 3 9 3 9 15.3% 

Light weight  9 9 9 3 1 3 9.8% 

Only uses manual power 9 9 9 9 9 9 4.5% 

Compact 9 3 3 3 1 3 10.0% 

Safety 3 3 3 9 3 9 13.5% 

Abs. importance 5.77 5.55 5.55 7.82 2.87 7.82 1.0 

Rel. importance 16% 16% 16% 22% 8% 22%  

Table 8: Weighted Decision Matrix 

 

 

CALCULATIONS 
 

GEARS 
 

 The design of the gears in the planetary gear mechanism is going to be using spur gears. 

The gear ratio is 2.5 with the larger gear having 30 teeth with a diameter of 3 inches. While 

the smaller gear is going to have 12 teeth with a diameter of 1.2 inches. The rotational output 

speed was calculated to be 300 rpm and the torque will be 17 lb*in. Below are sample 

calculations, detailed calculations can be seen in Appendix G – Calculations. 

 

𝑉𝑅 =
𝑁𝐺

𝑁𝑃
 

𝑉𝑅 =
30 𝑇𝑒𝑒𝑡ℎ

12 𝑇𝑒𝑒𝑡ℎ
= 2.5 

VR = Velocity Ratio 

N = Number of teeth 

𝑛𝑃 = 𝑛𝐺 ×
𝑁𝐺

𝑁𝑃
 

𝑛𝐺 = 300𝑟𝑝𝑚 ×
30 𝑡𝑒𝑒𝑡ℎ

12 𝑡𝑒𝑒𝑡ℎ
= 750 𝑟𝑝𝑚 

nG = rotational speed 

𝐷 =
𝑃𝑑

𝑁
 

9 = Strong 
3 = Moderate 

1 = Weak 
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𝐷𝑃 =
10

12 𝑡𝑒𝑒𝑡ℎ
= 1.2 𝑖𝑛𝑐ℎ𝑒𝑠 

𝐷𝐺 =
10

30 𝑡𝑒𝑒𝑡ℎ
= 3 𝑖𝑛𝑐ℎ𝑒𝑠 

D = pitch diameter 

 

 

CHAIN DRIVE 
 

 Several chain drive calculations are shown below, detailed calculations can be found in 

Appendix G – Calculations. The larger sprocket will have 28 teeth and have a diameter of 

4.47 inches. While the smaller sprocket will have 16 teeth with a diameter of 2.56 inches, 

making the gear ratio to be 1.75. The center to center distance of the chain was calculated to 

be 33 pitches or 16.5 inches. 

 

𝑅𝑎𝑡𝑖𝑜 =  
𝑁𝐺

𝑁𝑃
 

𝑅𝑎𝑡𝑖𝑜 =  
28 𝑡𝑒𝑒𝑡ℎ 

16 𝑡𝑒𝑒𝑡ℎ
= 1.75 

𝐶 =
1

4
[𝐿 −

𝑁𝐺 − 𝑁𝑃

2
+ √[𝐿 −

𝑁𝐺 + 𝑁𝑃

2
]

2

−
8(𝑁𝐺 − 𝑁𝑃)2

4𝜋2
] 

1

4
[80.13 𝑝𝑖𝑡𝑐ℎ𝑒𝑠 −

28 𝑡𝑒𝑒𝑡ℎ − 16 𝑡𝑒𝑒𝑡ℎ

2
+ √[80.13 𝑝𝑖𝑡𝑐ℎ𝑒𝑠 −

28 𝑡𝑒𝑒𝑡ℎ + 16 𝑡𝑒𝑒𝑡ℎ

2
]

2

−
8(28 𝑡𝑒𝑒𝑡ℎ − 16 𝑡𝑒𝑒𝑡ℎ)2

4𝜋2
]

= 33.01 𝑝𝑖𝑡𝑐ℎ𝑒𝑠 

𝐴𝑐𝑡𝑢𝑎𝑙 𝐶 = 33.01 𝑝𝑖𝑡𝑐ℎ𝑒𝑠 × 0.5 𝑖𝑛𝑐ℎ𝑒𝑠 = 16.51 𝑖𝑛𝑐ℎ𝑒𝑠 
C = Center Distance 

 

 

SHAFT DESIGN 
  

The design of the size shaft that was need was by finding the force on the bearings, wheels, 

and sprocket. After finding the forces the moments about those points on the shaft was 

calculated as shown below. Figure 17: Forces Diagram shows the vertical and horizontal 

force on the shaft, if there was a 200 pound person riding. Point B and D, where the bearings 

are located, have the highest moment at 400 lb*in. By finding the moments about each point, 

the diameter needed for each point in the shaft was calculated. The greatest diameter was at 

point B and D with 0.97 inches needed as the diameter for the shaft. Detailed calculations can 

be found in Shaft DesignAppendix G – Calculations.  

𝑀𝐵 = √𝑀𝐵𝑥
2 + 𝑀𝐵𝑦

2  

𝑀𝐵 = √(250 𝑙𝑏 ∗ 𝑖𝑛)2 + (312 𝑙𝑏 ∗ 𝑖𝑛)2 = 400 𝑙𝑏 ∗ 𝑖𝑛 

𝑀𝑐 = √(13 𝑙𝑏 ∗ 𝑖𝑛)2 + (156 𝑙𝑏 ∗ 𝑖𝑛)2 = 156 𝑙𝑏 ∗ 𝑖𝑛 
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𝑀𝐷 = √(250 𝑙𝑏 ∗ 𝑖𝑛)2 + (312 𝑙𝑏 ∗ 𝑖𝑛)2 = 400 𝑙𝑏 ∗ 𝑖𝑛 

M = moment  

𝐷 = √
2.94 × 𝐾𝑡 × 𝑀 × 𝐷𝑒𝑠𝑖𝑔𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 𝑁

𝑆𝑛
′

 

D = diameter 

𝐷𝐵 = [
32 × 2.5

𝜋
√[

2 × 400 𝑙𝑏 ∗ 𝑖𝑛

22,227𝑝𝑠𝑖
]

2

+ [
3

4
×

144 𝑙𝑏 ∗ 𝑖𝑛

73,244 𝑝𝑠𝑖
]

2

]

1/3

= 0.97 𝑖𝑛𝑐ℎ𝑒𝑠 

𝐷𝐶 = [
32 × 2.5

𝜋
√[

2 × 156 𝑙𝑏 ∗ 𝑖𝑛

22,227𝑝𝑠𝑖
]

2

+ [
3

4
×

144 𝑙𝑏 ∗ 𝑖𝑛

73,244 𝑝𝑠𝑖
]

2

]

1/3

= 0.71 𝑖𝑛𝑐ℎ𝑒𝑠 

𝐷𝐷 = [
32 × 2.5

𝜋
√[

2 × 400 𝑙𝑏 ∗ 𝑖𝑛

22,227𝑝𝑠𝑖
]

2

+ [
3

4
×

144 𝑙𝑏 ∗ 𝑖𝑛

73,244 𝑝𝑠𝑖
]

2

]

1/3

= 0.97 𝑖𝑛𝑐ℎ𝑒𝑠 

 

 

 
 

 

Figure 17: Forces Diagram 
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ASSEMBLY DESIGN DETAILS 
 

   Figure 18: Skateboard shows the skateboard drawing. This will be a standard 

skateboard with a length of about 30 inches and a width of about 7 inches. The skateboard 

will be made of maple wood this part will not be manufactured but bought at a store. 

 

 
  Figure 18: Skateboard 

 

 

 

In   Figure 19: Axis and wheels shows the axis and wheels assembly. The wheels will be 

polyurethane just like that standard material used for skateboard wheels, but the diameter of 

the wheels will be about 6 inches to make room for the planetary gear mechanism 

underneath. To connect the axis and wheels to the skateboard there will be bearings welded 

to the shaft. A U channel will then be welded to the bearings and bolted to the skateboard. 

All the parts in this assembly will be bought and then welded together.  

 

 
  Figure 19: Axis and wheels 
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 Figure 20: Planetary Gear  shows the 3D renderings of the planetary gear mechanism. 

The gears and shaft will be bought. The larger gear will be keyed along with the shaft, so that 

when the gear turns so will the shaft. A bearing will be welded to the shaft along with a bar 

of material to connect this assembly to the skateboard. The blue rod will be made of spare 

materials and welded to the smaller gear so that the smaller gear will not be able to rotate.  

 

 
Figure 20: Planetary Gear Rendering 

 

 

 
Figure 21: Planetary Gear Mechanism 

 

 

Figure 22: Gear and Chain shows the rendering of sprockets and chain assembly, while 

Figure 23: Gear and Chain and Figure 24: Rear View of Gear and Chain views of the gear 

and chain mechanism from the skateboard prototype. These parts will be taken off of a small 

child’s bicycle. The smaller sprocket will be located on the shaft in the back that is also 

connected to the wheels. While the larger sprocket will be welded to the shaft that is 
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connected to the planetary gear assembly. The smaller sprocket located in the back will have 

a bearing so that the skateboard will be able to coast and the rider will not have to 

continuously pump the pedal to make the skateboard move.  

 

 

 
Figure 22: Gear and Chain Rendering 

 

 

 
Figure 23: Gear and Chain 
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Figure 24: Rear View of Gear and Chain 

 

Figure 25: Assembled Skateboard shows the skateboard in full assembly. The spring loaded 

pedal will be bought and bolted to the skateboard. Where the blue rod is located, there will 

have to be a cut slot in the skateboard for it to be able to reach the planetary gear mechanism. 

In Figure 26: Assembled Skateboard View 2  the planetary gear mechanism is more visible. 

Figure 27: Skateboard Prototype is the final outcome of the skateboard prototype. The 

skateboard rider will push the pedal down which will cause the rod to be pushed down 

moving the smaller gear around the larger gear which will make the shaft move causing the 

skateboard to start rolling forward. See Appendix H – Assembly Drawings for the assembly 

drawings. 

 

 
Figure 25: Assembled Skateboard View 1 
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Figure 26: Assembled Skateboard View 2 

 

 
Figure 27: Skateboard Prototype 

 

FABRICATION 
 

 The fabrication process took longer than initially expected. The design of the axles and 

changed. Initially a U-channel was going to be used to connect the axle to the skateboard, but 

instead scrap metal was welded together to make the supports. Most of the parts were welded 

such as the sprockets, rod, and the ball bearings. Epoxy was used to hold the rear sprocket as 

shown in Figure 28: Rear Sprocket in place and the pedal was made out of 2 by 4 wood and a 

spring.  
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Figure 28: Rear Sprocket 

 

TESTING 
 

 To complete the project, testing will be used to prove the outstanding product objectives. 

The reliability of the skateboard is the most important product feature as determined from the 

customer survey. To test the skateboard, it will be repeatedly used to make sure everything 

works correctly and will be reliable for fellow skateboarders.  

 

CHANGES 
 

 Changes that can be made to the skateboard are the linkage between the sun and 

planetary gear system and the foot pedal to make the rotation flow smoother. Also finding 

lighter weight material, since the skateboard weighs around 20 pounds. The supports that 

hold the axles to the skateboard could be made so that the skateboard can maneuver left and 

right easier.  

 

CONCLUSION 
 

 There are many different types of motorized skateboards that are very expensive and 

heavy. This pedal propelled skateboard was designed to not use any kind of motor to propel 

forward, while keeping both feet on the board while riding. This skateboard was also 

designed to be cheaper and lighter than the other motorized skateboards, so that more people 

can afford to use this product. The final product is lighter weight and cheaper than the other 

product on the market today.  
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APPENDIX A - RESEARCH 
 

 

Interview: 
Interview with skateboard enthusiast: Matthew Steffen 

3191 Preserve Lane, Apt # 3D Cincinnati, Ohio 45239 10/13/13 

Matt has about 10 years of experience with riding skateboards. 

Matt said he would like to see that the skateboard can work both with the 

traditional way of pushing off the ground with your foot and also with the pedal 

on the board.  

Make sure that it is light weight, so that it will still be easy to do tricks with the 

board.  

He wanted to make sure that it will be durable enough, so that it would not 

break every time he did a trick. 

Matt would like to see that the width of the board remain normal so that he can 

still maneuver easily. 

 

Interview: 

Interview with skateboarder: Kenneth Meyer 

576 Morrvue Drive Cincinnati, Ohio 45238 10/13/13 

Ken skateboards occasionally and has been doing it for about 3 years. 

Would like to see that the skateboard is still light weight and not bulky, so that 

it is easy to carry around. 

Make sure that there is not too much effort needed to push the pedal, so that the 

rider can focus on the surroundings. 

 

 

Interview: 

Interview with skateboarder: Carri Craft 

309 Ingalls Street, Apt # 1 Cincinnati, Ohio 45204 10/13/13 

Carri has skateboarded on and off for about 10 years. 

She said she would like to see a simple design, so that in a case where it does 

break it would be simple to fix. If a part needed to be replaced, it would be easy 

to find and cheap to replace.  

She talked about the pedal on the skateboard not have too much movement, as 

to where the rider has to balance on one foot while the other foot is doing the 

pumping action.  
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Gas Powered Motorized Skateboard 

The board of this skateboard is made from fiberglass which 

creates a sturdy board and it helps with the suspension on the 

skateboard. There are bindings added to the skateboard, so 

the rider’s feet can be held it place and maintain better 

balance. 

This skateboard weighs 

60 pounds, which does 

not make it easy to carry 

from place to place. The 

rider has to start the 

engine every time they 

want to go for a ride. 

The owner also has to 

buy gas for the 

skateboard, which means 

they constantly have to 

put money into riding it 

and also the gas fumes 

are not good for the 

environment. This 

design is not compact, 

which can make it hard 

to store in places. 

 

Electric Powered Skateboard 

This electric powered skateboard has a compact design, which can 

make it easy to store places. The wheels on this skateboard elevate it 

making more room underneath the board. 

It is battery 

powered which 

makes the 

skateboard weight 

78 pounds and can 

only go for 12 

miles before it 

needs to be 

recharged and that 

can take up to six 

hours.  

http://www.aliexpress.com/item

/Gas-skateboard-petrol-motor-

scooter-49cc-motorized-

skateboard-red-color-Brand-

New/522336948.html  

11/2/2013 

http://www.monstermarketplac

e.com/go-karts-and-mini-

bikes/e-moto-em80-electric-

motorized-skateboard 

11/2/2013 

http://www.aliexpress.com/item/Gas-skateboard-petrol-motor-scooter-49cc-motorized-skateboard-red-color-Brand-New/522336948.html
http://www.aliexpress.com/item/Gas-skateboard-petrol-motor-scooter-49cc-motorized-skateboard-red-color-Brand-New/522336948.html
http://www.aliexpress.com/item/Gas-skateboard-petrol-motor-scooter-49cc-motorized-skateboard-red-color-Brand-New/522336948.html
http://www.aliexpress.com/item/Gas-skateboard-petrol-motor-scooter-49cc-motorized-skateboard-red-color-Brand-New/522336948.html
http://www.aliexpress.com/item/Gas-skateboard-petrol-motor-scooter-49cc-motorized-skateboard-red-color-Brand-New/522336948.html
http://www.monstermarketplace.com/go-karts-and-mini-bikes/e-moto-em80-electric-motorized-skateboard
http://www.monstermarketplace.com/go-karts-and-mini-bikes/e-moto-em80-electric-motorized-skateboard
http://www.monstermarketplace.com/go-karts-and-mini-bikes/e-moto-em80-electric-motorized-skateboard
http://www.monstermarketplace.com/go-karts-and-mini-bikes/e-moto-em80-electric-motorized-skateboard
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Hand Car for Railroads 

This hand car is self-propelled with the levers that need to be 

moved up and down which would work with the foot pedal that 

the skateboard will have, so that the arms are free to be able to 

maintain balance.  

 

 

The gears are too big 

for fitting underneath 

a skateboard. The 

wheels are not 

centered. On a 

skateboard, it is easier 

to balance when the 

wheels are centered 

and near each end of 

the board. 

 

 

http://www.freepatentso

nline.com/1461593.html 

10/12/13 

http://www.freepatentsonline.com/1461593.html
http://www.freepatentsonline.com/1461593.html
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Hand Car for Railroads 

 

This hand car is self-propelled that have levers that can be moved 

simultaneously. This was designed for a driving means which assures a 

maximum amount of driving power with a minimum amount of effort on the 

part of the operator. This hand car was designed so that it was easy to operate, 

so that children would know how to operate the car and also with cheap 

manufacturing. The gear mechanism would work for fitting under a 

skateboard because it is horizontally located. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Requires a 

rowing motion 

with the levers, 

using one’s 

hands. Where the 

skateboarder 

would need to 

keep their hands 

free to maintain 

their balance, 

while using their 

foot to do the 

pumping motion. 

This application 

would have to be 

scaled down to 

fit under a 

skateboard.  

The wheels are 

too big for the 

design 

application I am 

looking for. 

http://www.freepatentsonl

ine.com/1553239.html 

10/12/13 

http://www.freepatentsonline.com/1553239.html
http://www.freepatentsonline.com/1553239.html
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Bicycle 
The chain and gears is a simple and cheap way to get the wheels to 

move on the bike. The wheels are capable of moving wheel the bike is 

just being pushed they are not only confined to being moved only by 

pushing the pedal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This bike has a 

pedal that moves 

around in a 

circle. Where on 

the skateboard it 

will have to 

move down and 

then bounce back 

up with a spring.  

Also there will be 

no seat or handle 

bars in the 

skateboard 

design. 

 

Tricycle 
This tricycle has a simple design and it is easy to operate. Not a lot of 

effort is required to make the tricycle move forward. It is also capable 

to move backward, by moving the pedals in the opposite direction. 

Light weight material. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The pedals move 

in a circular 

motion, which 

would not work 

on a skateboard 

due to a need for 

balance. 

 

http://montgomerycyclery.com/pr

oduct/09specialized-globe-

carmel-1-26-inch-wheels-47779-

1.htm 

10/15/13 

http://www.target.com/p/radio-

flyer-classic-red-dual-deck-

tricycle/-/A-

01166#prodSlot=medium_1_2 

10/15/13 

http://montgomerycyclery.com/product/09specialized-globe-carmel-1-26-inch-wheels-47779-1.htm
http://montgomerycyclery.com/product/09specialized-globe-carmel-1-26-inch-wheels-47779-1.htm
http://montgomerycyclery.com/product/09specialized-globe-carmel-1-26-inch-wheels-47779-1.htm
http://montgomerycyclery.com/product/09specialized-globe-carmel-1-26-inch-wheels-47779-1.htm
http://www.target.com/p/radio-flyer-classic-red-dual-deck-tricycle/-/A-01166#prodSlot=medium_1_2
http://www.target.com/p/radio-flyer-classic-red-dual-deck-tricycle/-/A-01166#prodSlot=medium_1_2
http://www.target.com/p/radio-flyer-classic-red-dual-deck-tricycle/-/A-01166#prodSlot=medium_1_2
http://www.target.com/p/radio-flyer-classic-red-dual-deck-tricycle/-/A-01166#prodSlot=medium_1_2
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Wheelchair 

The wheelchair’s front wheels are capable of moving in any direction 

making it more maneuverable. This design is also a simple design, so that 

the customer can easily know how it functions. The operator can use their 

feet to make it move because the wheels are able to spin freely. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This 

wheelchair 

requires the 

operator to 

use their hand 

and push the 

back wheels 

to make it 

move. 

Otherwise 

someone 

other than the 

operator uses 

the handles in 

the back and 

push the chair 

to make it 

move. 

http://www.spinlife.com/Invacare

-Veranda-Standard-

Wheelchair/spec.cfm?productID=

82503#.Ul7M6FBDU_o 

10/16/13 

http://www.spinlife.com/Invacare-Veranda-Standard-Wheelchair/spec.cfm?productID=82503#.Ul7M6FBDU_o
http://www.spinlife.com/Invacare-Veranda-Standard-Wheelchair/spec.cfm?productID=82503#.Ul7M6FBDU_o
http://www.spinlife.com/Invacare-Veranda-Standard-Wheelchair/spec.cfm?productID=82503#.Ul7M6FBDU_o
http://www.spinlife.com/Invacare-Veranda-Standard-Wheelchair/spec.cfm?productID=82503#.Ul7M6FBDU_o
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Bristow Pedal 

This Pedal would work well with my design because the pedal is made 

to be used with a foot. Also, it moves up and down which works better 

on a skateboard than a circular motion, to better maintain balance on the 

skateboard. 

The angle of 

this pedal is too 

high and the 

range of motion 

would be too 

much for 

someone who is 

trying to 

maintain their 

balance on the 

skateboard. 

http://www.power-

trans.net/throttle2.php 

10/16/13 

http://www.power-trans.net/throttle2.php
http://www.power-trans.net/throttle2.php
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Foot Pedal 

This pedal has a basic design with a spring in the middle that will 

make the pedal return back to resting position instantly after the 

foot is taken off the pedal. The gears on this pedal are small and 

would work well with keeping the skateboard compact and not 

getting any wider than a standard skateboard. 

 

 

The material for this 

even though is light 

weight is not reliable 

and would not work 

for the continuously 

being pushed down.  

 

http://www.instructables.com/id/

Table-Top-Scissors-The-cutting-

edge-of-technolog/step11/ 

10/16/13 

http://www.instructables.com/id/Table-Top-Scissors-The-cutting-edge-of-technolog/step11/
http://www.instructables.com/id/Table-Top-Scissors-The-cutting-edge-of-technolog/step11/
http://www.instructables.com/id/Table-Top-Scissors-The-cutting-edge-of-technolog/step11/
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APPENDIX B - SURVEY 
Skateboards that have powered motors on them are not good for the environment and can be 

expensive. The goal is to design a skate board that will move with the push of a pedal but be 

more environmentally friendly. This is a survey to find out how important certain features are 

to the customers. This will help in determine what should be most important to focus on 

when designing this product. 

 

 

How important is each feature to you for the design of 

a pedal propelled skateboard?     

Please circle the appropriate answer.     

 1 = low importance         5 = high importance    
       Averages 

Ease of use 1(0) 2(0) 3(4) 4(12) 5(18) N/A(0) 4.41 

Affordable 1(1) 2(3) 3(7) 4(15) 5(8) N/A(0) 3.76 

Speed of operation 1(2) 2(6) 3(17) 4(6) 5(3) N/A(0) 3.06 

Range of operation 1(0) 2(4) 3(12) 4(10) 5(8) N/A(0) 3.65 

Reliability  1(0) 2(0) 3(5) 4(11) 5(18) N/A(0) 4.38 

Light weight 1(3) 2(4) 3(5) 4(10) 5(12) N/A(0) 3.71 

Only uses manual power 1(5) 2(8) 3(14) 4(5) 5(2) N/A(0) 2.74 

Compact 1(0) 2(4) 3(8) 4(12) 5(10) N/A(0) 3.82 

Safety 1(0) 2(2) 3(12) 4(10) 5(10) N/A(0) 3.82 

 

 

How satisfied are you with the 

current skateboard?        

Please circle the appropriate answer.       

1 = very UNsatisfied          5 = very satisfied    
        

Ease of use 1(3) 2(7) 3(9) 4(5) 5(8) N/A(2) 3.25 

Affordable 1(3) 2(0) 3(11) 4(9) 5(9) N/A(2) 3.66 

Speed of operation 1(0) 2(2) 3(19) 4(3) 5(0) N/A(10) 3.04 

Range of operation 1(0) 2(0) 3(9) 4(4) 5(0) N/A(21) 3.31 

Reliability 1(8) 2(4) 3(8) 4(5) 5(7) N/A(2) 2.97 

Light weight 1(2) 2(3) 3(0) 4(17) 5(10) N/A(2) 3.94 

Only uses manual power 1(3) 2(1) 3(0) 4(0) 5(28) N/A(2) 4.53 

Compact 1(0) 2(5) 3(16) 4(4) 5(7) N/A(2) 3.41 

Safety 1(4) 2(9) 3(9) 4(5) 5(5) N/A(2) 2.94 
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APPENDIX C – QUALITY FUNCTION DEPLOYMENT (QFD) 
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APPENDIX D - PRODUCT OBJECTIVES 
 The following are objectives of the pedal propelled skateboard of the customer features. 

These features were found by taking a few customer surveys to find out what the most 

important features will be to them on this product. Along with each feature will be a 

description on how that feature will be added to the prototype design of the pedal propelled 

skateboard. 

 

1. Ease of use     16.1% 

a. A force required to push the pedal, no greater than the force required on the 

accelerator of a car 

b. Can be disassembled/assembled with standard tools 

c. Have the parts replacement take between 30-45 minutes 

d. Have standard parts that can be found in any hardware store 

 

2. Reliability     15.3% 

a. Use rust resistant and durable materials 

b. Stand up to 300lb of force  

 

3. Safety      13.5% 

a. Make the pedal’s range of motion be 5-7 inches for better balance 

 

4. Affordable     12.2% 

a. Cost between $100-200 retail price 

b. Built using standard parts 

 

5. Compact     9.9% 

a. Width of the skateboard remain the same 

b. Have less than 20 parts added to the skateboard 

c. Pedal be smaller than 5x6in 

 

6. Light weight     9.8% 

a. Have parts that do not hang out the side and fit underneath the skateboard 

b. Have material that only adds 5-10 extra pounds onto the skateboard  

 

7. Range of operation      9.8% 

a. Have spring loaded pedal with a range of motion 5-7 inches 

b. After pushing the pedal the distance of the skateboard go 2-4 feet forward 

 

8. Speed of operation    8.9% 

a. Be able to go 2-4 feet each time the pedal is pressed 

b. Pedal spring back to resting position 1 second after it is pressed 

c. Keep width same for maneuverability  

 

9. Only uses manual power     4.5% 

a. No motor will be involved in this design
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APPENDIX E - SCHEDULE  
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  Appendix F - Budget 
 

Proposed  

Material  Price 

Skateboard   $    40.00  

Pedal   $    25.00  

 Spring  $       5.00  

 Gears  $    10.00  

 Screws  $       5.00  

Gears   $  100.00  

Rod   $    10.00  

Micellaneous Expenses   $    30.00  

 Total  $  225.00  

 
Actual 

Part Qty Price/ Part Total Cost 

Skateboard 1  $       15.00   $      15.00  

16 tooth sprocket 1  $       20.17   $      20.17  

30  tooth sprocket 1  $       97.81   $      97.81  

12 tooth spur gear 1  $       27.65   $      27.65  

Rachet sprocket 1  $       10.00   $      10.00  

1" Ball Bearings 4  $       11.57   $      46.28  

3/4" Ball Bearing 1  $         7.20   $        7.20  

3/4" Shaft 1  $       14.24   $      14.24  

1" Shaft 2  $       23.38   $      46.76  

Keys 1  $         0.46   $        0.46  

#40 Chain 1  $         8.00   $        8.00  

Pedal 1  $         1.27   $        1.27  

Spring 1  $         1.00   $        1.00  

Hinge 1  $         2.00   $        2.00  

Wheels 4  $       10.00   $      40.00  

  Total  $   337.84  
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APPENDIX G – CALCULATIONS 
 

SPUR GEARS 

𝑉𝑅 =
𝑁𝐺

𝑁𝑃
 

𝑉𝑅 =
30 𝑇𝑒𝑒𝑡ℎ

12 𝑇𝑒𝑒𝑡ℎ
= 2.5 

VR = Velocity Ratio 

N = Number of teeth 

𝑛𝑃 = 𝑛𝐺 ×
𝑁𝐺

𝑁𝑃
 

𝑛𝐺 = 300𝑟𝑝𝑚 ×
30 𝑡𝑒𝑒𝑡ℎ

12 𝑡𝑒𝑒𝑡ℎ
= 750 𝑟𝑝𝑚 

nG = rotational speed 

𝐷 =
𝑃𝑑

𝑁
 

𝐷𝑃 =
10

12 𝑡𝑒𝑒𝑡ℎ
= 1.2 𝑖𝑛𝑐ℎ𝑒𝑠 

𝐷𝐺 =
10

30 𝑡𝑒𝑒𝑡ℎ
= 3 𝑖𝑛𝑐ℎ𝑒𝑠 

D = pitch diameter 

𝐶 =
𝑁𝑃 + 𝑁𝐺

2𝑃𝑑
 

𝐶 =
12 + 30 𝑡𝑒𝑒𝑡ℎ

2 ∗ 10
= 2.1 𝑖𝑛𝑐ℎ𝑒𝑠 

C= center distance 

𝑝 =
𝜋

𝑃𝑑
 

𝑝 =
𝜋

10
= 0.31 𝑖𝑛𝑐ℎ𝑒𝑠 

p = circular pitch 

𝑎 =
1

𝑃𝑑
 

𝑎 =
1

10
= 0.10 𝑖𝑛𝑐ℎ𝑒𝑠 

a = addendum 

𝑏 =
1

𝑃𝑑
+ 0.2 

𝑏 =
1.25

10
= 0.13 

b = dedendum 
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𝑐 =
0.25

𝑃𝑑
 

𝑐 =
0.25

10
= 0.03 

c = clearance  

𝐷𝑂𝑃 =
𝑁𝑃 + 2

𝑃𝑑
 

𝐷𝑂𝑃 =
12 + 2

10
= 1.4 𝑖𝑛𝑐ℎ𝑒𝑠 

𝐷𝑂𝐺 =
𝑁𝐺 + 2

𝑃𝑑
 

𝐷𝑂𝐺 =
30 + 2

10
= 3.2 𝑖𝑛𝑐ℎ𝑒𝑠 

Do = outer diameter 

𝐷𝑅𝑃 = 𝐷𝑃 − 2𝑏 

𝐷𝑅𝑃 = 1.2 𝑖𝑛 − 2 ∗ 0.13 = 0.95 𝑖𝑛𝑐ℎ𝑒𝑠 

𝐷𝑅𝐺 = 𝐷𝐺 − 2𝑏 

𝐷𝑅𝐺 = 3 𝑖𝑛 − 2 ∗ 0.13 = 2.75 𝑖𝑛𝑐ℎ𝑒𝑠 
DR = root diameter 

ℎ𝑡 = 𝑎 + 𝑏 

ℎ𝑡 = 0.10 + 0.13 = 0.23 𝑖𝑛𝑐ℎ𝑒𝑠 
ht = whole depth 

ℎ𝑘 = 2𝑎 

ℎ𝑘 = 2 ∗ 0.10 = 0.2 𝑖𝑛𝑐ℎ𝑒𝑠 
hk = working depth 

𝑡 =
𝜋

2𝑃𝑑
 

𝑡 =
𝜋

2 × 10
= 0.16 𝑖𝑛𝑐ℎ𝑒𝑠 

t = tooth thickness 

𝑣𝑡 =
𝜋𝐷𝑃𝑛𝑃

12
 

𝑣𝑡 =
𝜋 × 1.2 𝑖𝑛 × 750 𝑟𝑝𝑚

12
= 235.62 𝑓𝑡/𝑚𝑖𝑛 

vt = pitch line speed 

𝑊𝑡 =
33,000 × 𝑃

𝑣𝑡
 

𝑊𝑡 =
33,000 × 0.2ℎ𝑝

235.62𝑓𝑡/𝑚𝑖𝑛
= 28 𝑙𝑏 

Wt =tangential force 

𝑊𝑛 =
𝑊𝑡

cos ∅
 

𝑊𝑛 =
28  𝑙𝑏

cos (14.5°)
= 173 𝑙𝑏 

Wn = normal force 

𝑊𝑟 = 𝑊𝑡𝑇𝑎𝑛∅ 
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𝑊𝑟 = 28 𝑙𝑏 × 𝑇𝑎𝑛(14.5°) = 171 𝑙𝑏 
Wr = radial force 

𝑇 = 𝑊𝑡 ×
𝐷𝑃

2
 

𝑇 = 28 𝑙𝑏 ×
1.2 𝑖𝑛

2
= 17 𝑙𝑏 ∗ 𝑖𝑛 

T = torque 

𝐿𝑜𝑤𝑒𝑟 𝐿𝑖𝑚𝑖𝑡 =
8

𝑃𝑑
 

𝐿𝑜𝑤𝑒𝑟 𝐿𝑖𝑚𝑖𝑡 =
8

10
= 0.8 

𝑈𝑝𝑝𝑒𝑟 𝐿𝑖𝑚𝑖𝑡 =
16

𝑃𝑑
 

𝑈𝑝𝑝𝑒𝑟 𝐿𝑖𝑚𝑖𝑡 =
16

10
= 1.6 

𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑉𝑎𝑙𝑢𝑒 =
12

𝑃𝑑
 

𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑉𝑎𝑙𝑢𝑒 =
12

10
= 1.2 

𝐶𝑚𝑎 = 0.127 + 0.0158 × 𝐹 − 1.093 × 10−4 × 𝐹2F 

𝐶𝑚𝑎 = 0.127 + 0.0158 × 0.375 𝑖𝑛 − 1.093 × 10−4 × 0.3752𝑖𝑛 = 0.13 
Cma = mesh alignment factor 

𝐾𝑆 = 1 + 𝐶𝑃𝐹 + 𝐶𝑚𝑎 + 0.042 + 0.264 

𝐾𝑆 = 1 + 0.01 + 0.13 + 0.042 + 0.264 = 1.45 
Ks = size factor 

# 𝑜𝑓 𝐿𝑜𝑎𝑑 𝐶𝑦𝑐𝑙𝑒𝑠 𝑁𝐶 = 60 × 𝐿 × 𝑛 × 𝑞 

# 𝑜𝑓 𝐿𝑜𝑎𝑑 𝐶𝑦𝑐𝑙𝑒𝑠 𝑁𝐶𝑃 = 60 × 2000 ℎ𝑟 × 750 𝑟𝑝𝑚 × 1 = 9.0 × 107𝑐𝑦𝑐𝑙𝑒𝑠 

# 𝑜𝑓 𝐿𝑜𝑎𝑑 𝐶𝑦𝑐𝑙𝑒𝑠 𝑁𝐶𝐺 = 60 × 2000 ℎ𝑟 × 300 𝑟𝑝𝑚 × 1 = 3.6 × 107𝑐𝑦𝑐𝑙𝑒𝑠 

𝑌𝑁 = 1.6831 × 𝑁𝐶
−0.0323 

𝑌𝑁𝑃 = 1.6831 × (9.0 × 107)−0.0323 = 0.93 

𝑌𝑁𝐺 = 1.6831 × (3.6 × 107)−0.0323 = 0.96 
Yn = stress cycle factor 

𝑍𝑛 = 1.4488 × 𝑁𝑐
−0.023 

𝑍𝑛𝐺 = 1.4488 × (3.6 × 107)−0.023 = 0.97 

𝑍𝑛𝑃 = 1.4488 × (9.0 × 107)−0.023 = 0.95 
Zn = pitting resistance stress factor 

 

𝑆𝑡𝑃 =
𝑊𝑡 𝐾𝑜 𝐾𝑠 𝐾𝐵 𝐾𝑚 𝐾𝑣

𝐹 𝐽𝑃
 

𝑆𝑡𝑃 =
𝑊𝑡 𝐾𝑜 𝐾𝑠 𝐾𝐵 𝐾𝑚 𝐾𝑣

𝐹 𝑚 𝐽
 

𝑆𝑡𝐺 = 𝑆𝑡𝑃

𝐽𝑃

𝐽𝐺
 

St =bending stress number 
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𝑆𝑎𝑡 > 𝑆𝑡

𝐾𝑅(𝑆𝐹)

𝑌𝑁
 

Sat = adjusted allowable bending stress number 

𝑆𝐶 =  𝐶𝑃√
𝑊𝑡𝐾𝑂𝐾𝑆𝐾𝑚𝐾𝑣

𝐹𝐷𝑃𝐼
 

Sc = contact stress number 

𝑆𝑎𝑐𝑃 > 𝑆𝐶

𝐾𝑅(𝑆𝐹)

𝑍𝑁𝑃
 

𝑆𝑎𝑐𝐺 > 𝑆𝐶

𝐾𝑅(𝑆𝐹)

𝑍𝑁𝐺𝐶𝐻
 

Sac =allowable contact stress number 

 

 

Spur Gears     

NP 12 teeth    

NG 30 teeth    

VR 2.50    

Pd 10    

ɸ 14.5 °   

np 750 rpm   

nG 300 rpm   

DP 1.2 in   

DG 3 in   

C 2.10 in   

p 0.31 in   

a 0.10 in   

b 0.13 in   

c 0.03 in   

DOP 1.4 in   

DOG 3.2 in   

DRP 0.95 in   

DRG 2.75 in   

ht 0.23 in   

hk 0.20 in   

t 0.16 in   

P 0.2 hp   

vt 235.62 ft/min   
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Wt 28 lb   

Wn 173 lb   

Wr 171 lb   

T 17 lb*in   

Lower Limit 0.8    

Upper Limit 1.6    

Nominal Value 1.2    

CP 2300    

Qv 6    

Kv 1.1    

JP 0.36    

JG 0.41    

I 0.102    

F 0.375 in   

F/DP 0.31 in   

CPF 0.01    

Cma 0.13    

Km 1.00    

KS 1.45    

KB 1    

SF 1    

CH 1    

KR 1    

KO 1.2    

Design Life 2000 hr   

# of Load Cycles NCP 9.0E+07 cycles   

# of Load Cycles 
NCG 

3.6E+07 cycles   

YNP 0.93    

YNG 0.96    

ZNP 0.95    

ZNG 0.97    

StP 3968 psi 4 ksi 

StG 3484 psi 3 ksi 

SatP 4260 psi 4 ksi 
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SatG 3632 psi 4 ksi 

Sc 78577 psi 79 ksi 

Sacp 82648 psi 83 ksi 

SacG 80925 psi 81 ksi 

Hardness for Pinion 90.0 HR15N HB Grade 2 

Hardness for Gear 90.0 HR15N HB Grade 2 

Pinion Material 
4130 WQT 
700   

 

Gear Material  
4130 WQT 
700   

 

CHAIN DRIVE 
 

𝑅𝑎𝑡𝑖𝑜 =  
𝑁𝐺

𝑁𝑃
 

𝑅𝑎𝑡𝑖𝑜 =  
28 𝑡𝑒𝑒𝑡ℎ 

16 𝑡𝑒𝑒𝑡ℎ
= 1.75 

𝑛𝑃 = 𝑛𝐺

𝑁𝐺

𝑁𝑃
 

𝑛𝑃 = 300 𝑟𝑝𝑚
28 𝑡𝑒𝑒𝑡ℎ

16 𝑡𝑒𝑒𝑡ℎ
= 525 𝑟𝑝𝑚 

𝐷 =
𝑝

sin (
180°

𝑁 )
 

 𝐷𝑃 =
0.5

sin (
180°

16 𝑡𝑒𝑒𝑡ℎ
)

= 2.56 𝑖𝑛𝑐ℎ𝑒𝑠 

𝐷𝐺 =
0.5

sin (
180°

28 𝑡𝑒𝑒𝑡ℎ
)

= 4.47 𝑖𝑛𝑐ℎ𝑒𝑠 

 

𝐿 = 2𝐶 +
𝑁𝐺 + 𝑁𝑃

2
+

(𝑁𝐺 + 𝑁𝑃)2

4𝜋2𝐶
 

𝐿 = (2 × 29 𝑝𝑖𝑡𝑐ℎ𝑒𝑠) +
28 𝑡𝑒𝑒𝑡ℎ + 16 𝑡𝑒𝑒𝑡ℎ

2
+

(28 𝑡𝑒𝑒𝑡ℎ + 16 𝑡𝑒𝑒𝑡ℎ)2

4𝜋2(29 𝑝𝑖𝑡𝑐ℎ𝑒𝑠)
= 80.13 𝑝𝑖𝑡𝑐ℎ𝑒𝑠 

L = Chain Length 

𝐶 =
1

4
[𝐿 −

𝑁𝐺 − 𝑁𝑃

2
+ √[𝐿 −

𝑁𝐺 + 𝑁𝑃

2
]

2

−
8(𝑁𝐺 − 𝑁𝑃)2

4𝜋2
] 

1

4
[80.13 𝑝𝑖𝑡𝑐ℎ𝑒𝑠 −

28 𝑡𝑒𝑒𝑡ℎ − 16 𝑡𝑒𝑒𝑡ℎ

2
+ √[80.13 𝑝𝑖𝑡𝑐ℎ𝑒𝑠 −

28 𝑡𝑒𝑒𝑡ℎ + 16 𝑡𝑒𝑒𝑡ℎ

2
]

2

−
8(28 𝑡𝑒𝑒𝑡ℎ − 16 𝑡𝑒𝑒𝑡ℎ)2

4𝜋2
]

= 33.01 𝑝𝑖𝑡𝑐ℎ𝑒𝑠 

𝐴𝑐𝑡𝑢𝑎𝑙 𝐶 = 33.01 𝑝𝑖𝑡𝑐ℎ𝑒𝑠 × 0.5 𝑖𝑛𝑐ℎ𝑒𝑠 = 16.51 𝑖𝑛𝑐ℎ𝑒𝑠 
C = Center Distance 
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𝜃 = 180° ± 2𝑠𝑖𝑛−1 [
𝐷2 − 𝐷1

2𝐶
] 

𝜃1 = 180° − 2𝑠𝑖𝑛−1 [
4.47 𝑖𝑛 − 2.56 𝑖𝑛

2 × 16.51 𝑖𝑛
] = 173.39° 

𝜃1 = 180° + 2𝑠𝑖𝑛−1 [
4.47 𝑖𝑛 − 2.56 𝑖𝑛

2 × 16.51 𝑖𝑛
] = 186.61° 

θ = Angle of wrap of chain 

  

Chain Drive   

NP 16 Teeth 

NG 28 teeth 

Ratio 1.75  

pitch 0.5 in 

np 525 rpm 

nG 300 rpm 

N2 28 teeth 

DP 2.56 in 

DG 4.47 in 

C 29 pitches 

L  80.13 pitches 

Actual C 33.01 pitches 

Actual C 16.51 in 

θ1 173.39 ° 

θ2 186.61 ° 

 

SHAFT DESIGN 
 

P 0.2 hp  

n 87.5 rpm  

Material AISI 1045 Steal Coated in Nitride 

Sy 73244 psi  

Su 84847 psi  

Sn 31,183 psi  

Cs 0.88   

Cr 0.81 99% Reliability   

Sn' 22227 psi  

Design Factor N 2.5   

Kt 2   
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T 144 lb*in  

D  2.56 in  

A 5.15 in2  

FN 113 lb   

FA 169 lb  

αA 20 °  

FAX -122 lb → 

FAY 117 lb ↓ 

αC 20 °  

FC 112 lb  

FCX -7 lb → 

FCY 78 lb ↓ 

vt 58.64 ft/min  

FEX  = Wr -122 lb → 

FEY=Wt 117 lb ↓ 

RBx 125 lb ↓ 

RBy -156 lb ↑ 

RDx 125 lb ↓ 

RDy -156 lb ↑ 

MBx 250 lb*in  

MBy -312 lb*in  

MCx 13 lb*in  

MCy 156 lb*in  

MDx 250 lb*in  

MDy -312 lb*in  

MB 400 lb*in  

MC 156 lb*in  

MD 400 lb*in  

DA 0.51 in  

DB 0.97 in  

DC 0.71 in  

DD 0.97 in  

DE 0.51 in  

 

 

𝑆𝑛
′ = 𝑆𝑛𝐶𝑆𝐶𝑟 

𝑆𝑛
′ = 31,183 𝑝𝑠𝑖 × 0.88 × 0.81 = 22,227 𝑝𝑠𝑖 

Sn = modified endurance strength 
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𝑇 = 63,000
𝑃

𝑛
 

𝑇 = 63,000
0.2 ℎ𝑝

87.5 𝑟𝑝𝑚
= 144 𝑙𝑏 ∗ 𝑖𝑛 

T = torque 

 

𝐹𝑁 =
𝑇

𝑟
 

𝐹𝑁 =
144 𝑙𝑏 ∗ 𝑖𝑛

1.28 𝑖𝑛
= 113 𝑙𝑏 

Fn = net driving force 

𝐹𝐴 = 1.5𝐹𝑁 

𝐹𝐴 = 1.5 × 113 𝑙𝑏 = 169 𝑙𝑏 
Fa = bending force 

𝐹𝐴𝑥 = 𝐹𝐴𝐶𝑜𝑠(𝛼𝐴) 

𝐹𝐴𝑥 = 169 𝑙𝑏 × 𝐶𝑜𝑠(20°) = −122 𝑙𝑏 

𝐹𝐴𝑦 = 𝐹𝐴𝑆𝑖𝑛(𝛼𝐴) 

𝐹𝐴𝑦 = 169 𝑙𝑏 × 𝑆𝑖𝑛(20°) = 117 𝑙𝑏 

𝐹𝐶𝑥 = 𝐹𝐶𝐶𝑜𝑠(𝛼𝐶) 

𝐹𝐶𝑥 = 144 𝑙𝑏 × 𝐶𝑜𝑠(20°) = −7 𝑙𝑏 

𝐹𝐶𝑦 = 𝐹𝐶𝑆𝑖𝑛(𝛼𝐶) 

𝐹𝐶𝑦 = 144 𝑙𝑏 × 𝑆𝑖𝑛(20°) = 78 𝑙𝑏 

𝑣𝑡 =
𝜋𝐷𝑛

12
 

𝑣𝑡 =
𝜋 × 2.56𝑖𝑛 × 87.5 𝑟𝑝𝑚

12
= 58.64 𝑓𝑡/𝑚𝑖𝑛 

vt = velocity  

𝑀𝐵𝑥 = 𝑅𝐵𝑥𝑑 

𝑀𝐵𝑥 = 125 𝑙𝑏 × 2 𝑖𝑛𝑐ℎ𝑒𝑠 = 250 𝑙𝑏 ∗ 𝑖𝑛 

𝑀𝐶𝑥 = 7 𝑙𝑏 × 2 𝑖𝑛𝑐ℎ𝑒𝑠 = 13 𝑙𝑏 ∗ 𝑖𝑛 

𝑀𝐷𝑥 = 125 𝑙𝑏 × 2 𝑖𝑛𝑐ℎ𝑒𝑠 = 250 𝑙𝑏 ∗ 𝑖𝑛 

𝑀𝐵𝑦 = 𝑅𝐵𝑦𝑑 

𝑀𝐵𝑦 = −156 𝑙𝑏 × 2 𝑖𝑛𝑐ℎ𝑒𝑠 = −312 𝑙𝑏 ∗ 𝑖𝑛 

𝑀𝐶𝑦 = 78 𝑙𝑏 × 2 𝑖𝑛𝑐ℎ𝑒𝑠 = 156 𝑙𝑏 ∗ 𝑖𝑛 

𝑀𝐷𝑦 = −156 𝑙𝑏 × 2 𝑖𝑛𝑐ℎ𝑒𝑠 = −312 𝑙𝑏 ∗ 𝑖𝑛 

𝑀𝐵 = √𝑀𝐵𝑥
2 + 𝑀𝐵𝑦

2  

𝑀𝐵 = √(250 𝑙𝑏 ∗ 𝑖𝑛)2 + (312 𝑙𝑏 ∗ 𝑖𝑛)2 = 400 𝑙𝑏 ∗ 𝑖𝑛 

𝑀𝑐 = √(13 𝑙𝑏 ∗ 𝑖𝑛)2 + (156 𝑙𝑏 ∗ 𝑖𝑛)2 = 156 𝑙𝑏 ∗ 𝑖𝑛 

𝑀𝐷 = √(250 𝑙𝑏 ∗ 𝑖𝑛)2 + (312 𝑙𝑏 ∗ 𝑖𝑛)2 = 400 𝑙𝑏 ∗ 𝑖𝑛 

M = moment  

𝐷 = √
2.94 × 𝐾𝑡 × 𝑀 × 𝐷𝑒𝑠𝑖𝑔𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 𝑁

𝑆𝑛
′
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D = diameter 

𝐷𝐴 = √
2.94 × 2 × 400 𝑙𝑏 ∗ 𝑖𝑛 × 2.5

22,227 𝑝𝑠𝑖
= 0.51 𝑖𝑛𝑐ℎ𝑒𝑠 

𝐷𝐵 = [
32 × 2.5

𝜋
√[

2 × 400 𝑙𝑏 ∗ 𝑖𝑛

22,227𝑝𝑠𝑖
]

2

+ [
3

4
×

144 𝑙𝑏 ∗ 𝑖𝑛

73,244 𝑝𝑠𝑖
]

2

]

1/3

= 0.97 𝑖𝑛𝑐ℎ𝑒𝑠 

𝐷𝐶 = [
32 × 2.5

𝜋
√[

2 × 156 𝑙𝑏 ∗ 𝑖𝑛

22,227𝑝𝑠𝑖
]

2

+ [
3

4
×

144 𝑙𝑏 ∗ 𝑖𝑛

73,244 𝑝𝑠𝑖
]

2

]

1/3

= 0.71 𝑖𝑛𝑐ℎ𝑒𝑠 

𝐷𝐷 = [
32 × 2.5

𝜋
√[

2 × 400 𝑙𝑏 ∗ 𝑖𝑛

22,227𝑝𝑠𝑖
]

2

+ [
3

4
×

144 𝑙𝑏 ∗ 𝑖𝑛

73,244 𝑝𝑠𝑖
]

2

]

1/3

= 0.97 𝑖𝑛𝑐ℎ𝑒𝑠 

𝐷𝐸 = √
2.94 × 2 × 400 𝑙𝑏 ∗ 𝑖𝑛 × 2.5

22,227 𝑝𝑠𝑖
= 0.51 𝑖𝑛𝑐ℎ𝑒𝑠 
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APPENDIX H – ASSEMBLY DRAWINGS 
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APPENDIX I - BILL OF MATERIALS 
 

 

Part Qty Part Number Company Price/ Part Total cost 
Skateboard 1 - Target  $       15.00   $     15.00  
16 tooth sprocket 1 2299k23 McMaster Carr  $       20.17   $     20.17  
1" Ball Bearings 4 6383K57 McMaster Carr  $       11.57   $     46.28  
3/4" dia Shaft 1 1497K115 McMaster Carr  $       14.24   $     14.24  
3/4" Ball Bearings 1 6383K49 McMaster Carr  $         7.20   $       7.20  
Keys 1 98870A320 McMaster Carr  $         0.46   $       0.46  
# 40 Chain 1 - -  $         8.00   $       8.00  
30 tooth Spur Gear 1 6867K79 McMaster Carr  $       97.81   $     97.81  
12 tooth Spur Gear 1 6325K33 McMaster Carr  $       27.65   $     27.65  
Ratchet Sprocket 1 - -  $       10.00   $     10.00  
1" dia Shaft 2 8017T13 McMaster Carr  $       23.38   $     46.76  

Spring 1 - Home Depot  $         1.00   $       1.00  
Hinge 1 - Home Depot  $         2.00   $       2.00  
Pedal  1 - Home Depot  $         1.27   $       1.27  
Wheels 4 - Home Depot  $       10.00   $     40.00  

    Total  $   337.84  
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