




 

 

 

 
 

Table of Contents 

INTRODUCTION 4 

MOTIVATION: 4 
FUNCTION STATEMENT: 4 
DESIGN REQUIREMENTS: 4 
ENGINEERING MERIT: 4 
SCOPE OF EFFORT: 4 
SUCCESS CRITERIA: 5 

DESIGN AND ANALYSIS 6 

APPROACH: 6 
DESIGN DESCRIPTION: 6 
BENCHMARK: 6 
PERFORMANCE PREDICTIONS: 6 
DESCRIPTION OF ANALYSIS: 6 
SCOPE OF TESTING AND EVALUATION: 7 
ANALYSIS: 7 
DEVICE: PARTS, SHAPES, AND CONFORMATION: 8 
DEVICE: 8 
DEVICE ASSEMBLY: 8 
TOLERANCES: 8 
TECHNICAL RISKS ANALYSIS: 8 
SAFETY FACTORS: 8 
OPERATION LIMITS: 9 

METHODS AND CONSTRUCTION 10 

CONSTRUCTION: 10 
DESCRIPTION: 10 
DRAWING TREE: 10 
MANUFACTURING ISSUES: 11 

TESTING METHOD 11 

INTRODUCTION: 11 
METHOD/APPROACH: 11 
TEST PROCEDURE: 12 
LAB TESTING PROCEDURE: 12 



REAL LIFE TESTING PROCEDURE: 12 
COMPARE DATA: 12 

BUDGET/SCHEDULE/PROJECT MANAGEMENT 17 

LABOR: 17 
ESTIMATE OF TOTAL PROJECT COST: 17 
FUNDING SOURCE: 17 
PROPOSED SCHEDULE: 17 
HUMAN RESOURCES: 17 
PHYSICAL RESOURCES: 17 
PROJECT MANAGEMENT: 17 
CONCLUSION: 18 
ACKNOWLEDGEMENTS: 18 
APPENDIX A: ANALYSIS 18 
APPENDIX B: DRAWINGS 32 
APPENDIX C/D - PARTS LIST AND BUDGET 43 
APPENDIX E – SCHEDULE 44 
APPENDIX F: ACKNOWLEDGMENTS: 46 
APPENDIX G: EVALUATION SHEET (ONCE THE BIKE IS MANUFACTURED AND TESTED) 42 
APPENDIX H: (DATA WILL BE PRESENTED ONCE THE BIKE IS BUILT AND TESTED) 43 
APPENDIX I: TESTING REPORT (AGAIN, ONCE THE BIKE IS FINISHED) 44 
APPENDIX J: RESUME 47 
 

 

  



INTRODUCTION 

 
Motivation: 

 

This project was motivated by a need for a modification to allow a snow bike to become 

lightweight and portable.  
 

 

Function Statement: 

 

The portable snow bike will provide the strength and security of a rigid snow bike while 

providing the opportunity to be taken anywhere, which allows the bike to be used anywhere in 

the mountain. 
 

Design Requirements: 

 

• Weight between 20-30lbs. 

• Fold down to fit into any backcountry backpack (30 litters min) 

• Design to ride standing up  

• It must not permanently deform during an impact landing onto snow  

• Have a total manufacturing cost of less than $475.  

• Have a total testing cost of less than $250.  
 

 

Engineering Merit: 

 

The engineering merit for this project comes from the application of engineering 

concepts and tools gained through the CWU MET program. This project requires research and 

analysis of material properties such as hardness and toughness to determine the appropriate 

material for the job. These concepts were used in Metallurgy. The designed bike will be 

required to withstand repetitive impacts. To ensure it does this, careful thought will be put into 

the structural shape of the bike using the tools gained in Statics, Strengths, and 

Dynamics. It will be necessary to analyze the forces the bike is expected to handle and 

determine the location and limits for bending stress, shear stress, and deformation. These 

values will also tie back into the tool material selection. 

 
 

Scope of Effort: 

 

The entirety of this project will be completed by myself individually. The scope of this project is 

to focus on the bike frame itself. This includes the material, shape, and structure of the frame. It 

is expected that the designed frame will see hard impact. Some analysis will be put in to 

calculate the failure limit of the frame. To cut down on time, and due to restrictions on 

resources, some parts, like the frame, may need to be reused or modified from a previous 
bicycle or scooter. 



 

 

Success Criteria: 
 

The success of the project is based on the performance of the final bike. The bike should 

be easy to carry, open, and use. Also, if it meets all the above requirements. The snowbike 

should be able to perform in any weather and snow conditions and be realistically (most adults 

should be able to carry it comfortably) portable. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

Design and Analysis 
 

Approach:  

 

Aspects of the device such as portability, durability and weight are the major contributors to the 

design and are the primary objectives. Secondary objectives of the devise are to include safety, 

price and aesthetics. With the primary aspects in mind an approach to the problem can be started 

such as designing. And with a design one can analyze this device with standard statics, and 

strengths calculations 

 

Design Description:  

 
My snowbike will have an appearance like that of a scooter, the wheels of which are however 

replaced by runners or planks related to ski technologies, and which therefore includes a bearing 

rear runner and a directional front runner to which is connected a steering column. 

The latter pivots in a sleeve firmly attached to the upper end of a stiff frame connecting said 

runners together. The lower end of the frame is fixed to a supporting base surmounting the 

bearing runner and which is provided for supporting the feet of the user. The latter is therefore 

standing upright on this support, his/her hands holding handlebars. surmounting the steering 

column and by means of which he/she steers the vehicle. 

 

Benchmark:  

 

The problem that is being solved is like the problem of the original snow bikes, and the design 

will be similar and serve a purpose that is similar as well. Except that the bike will be portable 

instead of being a fixed frame. Solution will consist of using similar materials and look to make 

it so that the two bikes will match. But the function and weight constraints will be different. 

Most importantly its portability! 
 

Performance Predictions:  
 

Some of the performance predictions that are given are the size and weight predictions. The 

weight of the snow bike itself needs to be so that an adult would be willing to carry it (no more 

than 40lbs). The snow bike will be able to withstand the weight of a 180lbs person while going 

fast down the mountain on a powder day. 

 

Description of analysis:  

 

A few things that need to be analyzed are the welding that will be used to make the frame.  

Some of the calculations done are listed as followed:  

• Max Moment and Shear for each tubing 

• Weld Width  

• Force on each tube 



• Frame Diameter 

• Frame Deflection 

 

 

Scope of Testing and Evaluation:  

 
The testing will take place in a hill or at a ski resort such as Stevens Pass, somewhere with space 

so we don’t run into other people in the testing phase. The testing will consist of folding the 

snow bike and placing in into a backpack and taken into the mountain top.  Once there, the bike 

will be unfolded and ridden like a normal snow bike. The snowbike will be ridden at multiple 

speeds and for a certain amount of time to make sure that there are no problems with the frame 

breaking. It will also be tested against small drops and jumps.  

 

Analysis:  

 
The first analysis as shown in Figure ? Appendix A is the total amount of force provided by the 

rider onto the frame. First an impact at 35mph with a .5 second impulse was calculated, since in 

a real-life event unless hitting a solid concrete wall there would be a longer impulse time in 

which the force would be slightly dissipated through the softness of the snow, rider and shock 

absorbed by the frame. Since this device will be in conditions where it is critical it can take a 

harsh crash, miles and possibly days away from a repair shop the goal is to emphasize an impact 

in the worst-case scenario of a .5 second impulse. The impulse force is 733 lbs. 

 

The second analysis as shown Figure ? is finding the impact force from a 7.5ft drop off a cliff 

into 2 feet of powder with an impulse of .5 seconds due to the velocity going forward and the 

board surface area on the snow spreading out the weight distribution as well as the human legs 

acting like a dampener much like a spring under pressure. The impact force is 1725 lbs. 

 

I also analyzed all the welding components. How wide they should be between two frame pieces 

and critical parts. 

 

The third analysis is that the fork positioned at the lower end of the steering column should damp 

impacts, vibrations, etc. in the axis of said steering column, the design should further be able to 

provide interaction between the horizontal movements of the steering column and the positioning 

of the bearing runner. In fact, to operate optimally, the latter would have to follow the 

movements of the directional runner by reproducing them just after it.  

 

The fourth analysis will be the combined existence of the aforementioned base/runner 

mechanical connections and of the division of the supporting base into two portions notably 

allows complex displacements of the base supporting the feet of the user to be performed 

according to stresses imposed by the user and retransmitted through the handlebars, on the one 

hand, to forces individually exerted by the feet of the user on the other hand, either on the rear 

portion of the base or on its front portion, and even to reactions caused by the ground or the 

quality of the snow. 

 



Appendix B: Drawings 

 
 

 



 

Appendix C/D - Parts list and Budget 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Aluminum Material  

Source: WWW.Thomasnet.Com 

$300 

Hardware 

Source: Fastenal 

$30 

Stainless Steel Rod 

Source: Harvestco Fabricators 

$10 

Aluminum (Demo Model) 

Source: Harvestco Fabricators 

$40 

Steel Angle Iron 

Source: Harvestco Fabricators 

$20 

Total- $400 

  



Appendix E – Schedule 

 

 
 

 

 

 

 

 



Gantt Chart:

 
 

 

Snow Bike/ Scooter Snow
	Period	Highlight: 1

PERIODS

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

Email	Companies 1 1 2.5 1 1
100%

Receive	Parts 2 3 1 3 1
100%

Drawings 3 1 20 3 5
100%

Start	Manufactoring 4 3 80 3 0
100%

email	bike	frame	companies 4 4 1 4 1
100%

Steering	System	Assembly 5 5 2 5 2
100%

Cutting	the	stearing	wheel 6 4 5 4 6
100%

Cutting	Frame 7 4 10 4 0
100%

Board	Mounting 8 5 4 5 0
100%

Lifter	Kit	Mounting 9 5 2 5 0
100%

Folding	mechanism 10 6 2 5 0
100%

Leash	Mounting 11 6 5 6 0
100%

Drill	holes 12 7 1 5 0
100%

Welding 13 7 3 9 0
100%

Installing	Boards 14 5 6 5 0
100%

cutting	boards	to	right	size 15 4 5 4 2
100%

Test	ride 17 20 8 20 6
100%

Rebuild	Bike	(after	crash)	 18 20 1 20 1
100%

Analyse	Data	 19 20 3 20 3
100%

Test	Strain 20 21 6 21 6
100%

Update	written	report 16 1 20 1 4
100%

Update	web	site 21 20 10 19 10
100%

ACTIVITY

% Complete	(beyond	plan)Select	a	period	to	highlight	at	right.		A	legend	describing	the	charting	follows.

# START	WEEK

PLAN	

DURATION	IN	

HOURS

ACTUAL	

START	WEEK

ACTUAL	

DURATION	IN	

HOURS

PERCENT	

COMPLETE

Plan	Duration Actual	Start % Complete Actual	(beyond	plan)
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Appendix J: Resume 

 

TIAGO SOUSA 

6410 Campbell Road, Peshastin WA 98847 • (801) 921-3187 • shippa@gmail.com 

 
         

EDUCATION 

Central Washington University    Anticipated May 2017 

Senior 

B.S., Mechanical Engineering Technology 

• Completed Coursework: Thermodynamics, Fluids Dynamics, Machining, Advanced 

Machining, Solidworks, Industrial Electronics, Statics, Instrumentation, Strength of 

Materials, Applied Heat Transfer, Production Technology, Technical Dynamics 

Utah Valley University, Orem, UT                 December 2008 

B.S., Business Management         

EMPLOYMENT 

General Services Administration, Auburn, WA, Summer 2016 

Engineering Intern 

• Worked with project managers, estimators, architects, fire protection engineers, structural 

engineers and mechanical engineers to design and implement large construction project 

in a federal building.  

• Worked to design and implement HVAC system. 

• Worked with seismic related structural standards (RP8). 

• Drafted and distributed Lessons Learned reports in regards to seismic events. 

Vulcraft, Brigham City, UT, Summer 2015 

Engineering Intern 

• Designed the automation of the welding line.   

• Drafted the automated system, as a whole, in Solidworks.  

• Created individual part specifications for machining.   

• Worked with technicians to implement the design, including design editing in 

Solidworks to troubleshoot and to improve processes based on technician 

feedback.   

• Updated maintenance catalogs. 

Excel Mortgage, Salt Lake City, UT, 2013-2014  

Junior Underwriter 

• Managed loan documentation, searched for discrepancies and ensured client compliance 

with conditions for loan approval.  Communicated with loan processor, broker and 

account executive on sufficiency of loan documentation.  Expert with DataTrac software. 

CERTIFICATIONS & SKILLS 

• A+ Certified 

• HVAC 1, 2, and 3 Certified 

• Advanced knowledge of Microsoft Suite products 


