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Executive Summary

The client, Carol Seumptewa, and her daughter, Toni Seumptewa, enjoy outdoor excursions in Flagstaff, Arizona.  Unfortunately, Toni is spastic quadriplegic and is confined to a wheelchair that is not adept to rough or off-road travel.

The client tested one particular off-road wheelchair model that failed to meet her needs.  The seating position of the wheelchair deprived the passenger of an enjoyable, upright view.  The passenger is an adult, yet the seat was designed for a child, which created an uncomfortable ride.  Transferring the passenger into and out of the wheelchair was made difficult because a front wheel interfered with the transfer process.  These problems, among others, create the need for a new wheelchair designed specifically for the client’s daughter.  
There are several off-road wheelchair models available on the market; however, no model completely satisfies the client’s requirements.  These wheelchairs are too bulky, too heavy, too expensive, or do not permit easy passenger transfers.  Mobility Solutions Team (MST) proposes to design and build a safe and reliable off-road wheelchair that is capable of traversing unpaved trails.  This wheelchair will provide a comfortable ride, easy passenger transfers, and an enjoyable view.  

MST will deliver a design and the final product no later than May 2, 2002.  The final product will be a functioning wheelchair that will meet or exceed the requirements as stated in the functional requirements section.

Functional Requirements

1. Wheelchair must offer a comfortable and upright seating position.

1.1. The seating position will provide a full view of the path ahead. 

1.2. The seat will be wide enough to accommodate passenger in winter clothing.

1.3. The wheelchair will absorb vibrations and bumps during off-road use.

1.4. Footrests, armrests, and a headrest are required.

1.5. Support is required for the passenger’s left side.

2. Wheelchair must facilitate passenger loading and unloading.

2.1. Client must be able to help the passenger into and out of the wheelchair with minimal effort.

2.2. Wheelchair will be free from obstructions in the loading area such as wheels or footrests that may hinder loading.

3. Wheelchair must be capable of safely traversing dirt trails with minimal effort.

3.1. Wheelchair must negotiate slight to moderate gradients. 

3.2. Wheels will be capable of handling outdoor terrain.

4. Wheelchair must fit into a 1996 Nissan XE pickup truck. 

4.1. Must fit side-by-side in truck bed with standard wheel chair.

4.2. Wheelchair must have handles for loading into truck.

5. Wheelchair must be lightweight.

5.1. The client must be able to lift chair from ground up to pickup truck tailgate.

5.2. Wheelchair will weigh a maximum of 50 lbs (ideally 30lbs).

6. Wheelchair must have a braking system.

6.1. Operator brakes must bring wheelchair to a halt on slopes. 

6.2. Parking brakes will lock wheels on slopes with passenger loaded and be accessible to both operator and passenger.

7. Wheelchair must have a passenger restraint system.

7.1. A lap belt with optional diagonal harness will secure passenger.

7.2. Restraints must stay out of the seating area such that once the passenger is loaded the passenger will not be sitting on the restraint system.

8. Tires.

8.1. Tires will resist punctures from bullheads, goatheads, and other sharp objects. 

8.2. Tires can be replaced at a local bike shop.

Nonfunctional Requirements

1. Wheelchair must be low maintenance.

1.1. The wheelchair will be weather resistant.

1.2. The wheelchair will be reliable and won’t break under normal use.

1.3. The wheelchair will be designed for easy maintenance and adjustments.

1.4. The wheelchair will be easily serviceable by a bike shop.

2. Wheelchair frame must be painted dark purple to the client’s standards.

Optional Features

The following useful features will be included after all requirements are met, if time and resources permit.

1. Wheelchair may be equipped with a sun/rain canopy.

2. Wheelchair may be equipped with storage pouch or place to hang a small backpack.

3. Wheelchair may be equipped with a water bottle rack.

4. Wheelchair may be equipped with an odometer

Feasibility Issues

1. Cost

1.1. Wheelchair components are expensive.

1.2. Cost constraints may hinder the use of off-the-shelf items. 

1.3. Fundraising will be required.

2. Fabrication

2.1. Team members have little experience in welding.

2.2. Welding can be done at local welding shop.

2.3. Wheelchair may need custom parts.

3. Time

3.1. Extensive fabrication may be required.

3.2. Team member’s individual schedules may conflict.

3.3. Mail delivery of parts may delay fabrication.

MST Design Philosophy

Safety Above All Else


MST’s highest priority is safety.  With respect to decisions regarding safety, we will not compromise.  The product will not be delivered with any known safety issues.

Keep It Simple


MST will keep designs as simple as possible.   Design simplicity results in products which are lightweight, low maintenance and easy to use.  A simple design is typically easier to fabricate than a complicated design.

Minimize Costs Incurred


MST is cost conscientious and will seek the greatest value in products purchased.  We will utilize donated resources to finance the project prior to using our client’s funds.

Qualifications

All members of MST are dedicated to producing a successful off-road wheelchair for Mrs. Seumptewa and her daughter.  In order to accomplish this, MST will combine individual team member talents and expertise.  These qualifications are listed below. 

Scott Turnbull – Team Leader

Scott is an effective leader with strong team management skills.  Scott has the ability to run effective team meetings and delegate tasks appropriately.

Scott’s relative course work includes:  Mechanical Design, Mechanical Vibrations, and Computer Aided Design.

Brett Bonner – Assistant Team Leader

Brett has extensive experience with building and modifying bicycles, which correlates well with wheelchair design and fabrication.  He also possesses machining and welding skills as well as experience with static and dynamic analysis software.  

Brett’s relative coursework includes: Mechanical Design, Mechanical Vibrations, Computer Aided Design, Finite Element Analysis, and Biomechanics.

Roy La Barbera – Treasurer

Roy has presentation and documentation skills as well as machine shop and fabrication experience.  Roy is a team player who is willing to compromise and has a keen attention to detail.

Roy’s relative coursework includes:  Mechanical Design, Mechanical Vibrations, Computer Aided Design, and Finite Element Analysis.

Joseph Speigl - Communications

Joseph possesses leadership and coordination skills.  His experience as president of the Northern Arizona University’s student chapter of The American Society of Mechanical Engineers (ASME) is evidence of these skills.  Joseph also has practical experience in industry with mechanical design and has the ability to fabricate with proficiency. 

Joseph’s relative coursework includes:  Mechanical Design, Mechanical Vibrations, Computer Aided Design, Finite Element Analysis, and Structures. 

Course Descriptions:  

Mechanical Design – Fundamentals of mechanical design; stress, deflection, material selection, strength and design principles; design of mechanical elements: screws, joints, springs, gears, shafts, and couplings.

Mechanical Vibrations – Analysis of mechanical systems with single and multiple degrees of freedom; damping, resonance, vibration isolation and absorption, machine balancing.

Computer Aided Design – Fundamentals of graphical communications, including sketching, computer-aided drafting, design, and parametric modeling.

Finite Element Analysis – An advanced approach to solving solid mechanics and heat transfer problems; bar, beam, isoparametric, axisymmetric, shell, and two- and three-dimensional elements; modeling considerations; computer applications using state-of-the-art software.

Biomechanics​ – A study of the mechanics of human movement and biological tissue properties.

Structures – A study of determinant structures, cables, shear and moment diagrams, influence lines, moving loads, deflection methods, approximate analysis of indeterminate structures, and computer analysis.

Schedule and Deliverables

MST has constructed a detailed schedule to insure successful project completion.   The design and fabrication of an off-road wheelchair will be performed throughout the spring semester.  Beginning in February of 2002, a monthly status report will be delivered to the client on the 15th of every month.  These reports will consist of a memo that updates the client on the progress of the project, our confidence in meeting upcoming deadlines, and any additional concerns.   MST will deliver to our client a complete off-road wheelchair, schematics, maintenance instructions, and engineering analysis results by May 2, 2002.   For details concerning the project schedule refer to the Gantt chart in Figure 1 on page 10.

Milestones

· 12/07/01 - MST will submit the design proposal to Carol Seumptewa

· 12/12/01 to 01/15/02 – Winter Break

· 01/15/01 to 02/15/02 – MST will continue wheelchair design phase

· 02/15/02 – Wheelchair Design will be finalized.

· 02/16/02 to 04/01/02 – Wheelchair will be built

· 03/12/02- Design review presentation
· 04/02/02 to 04/20/02 – Structural and safety testing

· 04/23/02 – Final design presentation

· 04/26/02 – Capstone conference
· 05/02/02 – MST’s web page will be finalized.
· 05/02/02 – Deadline to present Carol Seumptewa with the final product
· 05/03/02 – MST’s final design document will be submitted.
· 05/10/02 - Graduation
Gantt Chart

Proposed Design

Team MST is currently considering several off-road wheelchair design solutions.  The number of wheels supporting the chair is crucial, since safety and stability are the driving forces of our design.  A four-wheel design offers more stability and simple passenger transfers.  However, a three-wheel design may allow easier wheelchair mobility and may cost less than a four-wheel design.


Several wheelchair frame designs are being considered.  A rigid frame, in which the only moving parts would be the wheels and suspension elements, would simplify the design and offer superior reliability and rigidity.  A frame that folds or collapses would facilitate storage and allow greater flexibility when designing for passenger transfers.  MST is also considering whether to design a wheelchair from scratch or modify an existing wheelchair.  


A stringent analysis of functionality and durability will be performed on the wheelchair design.  The vibration characteristics of the wheelchair must be evaluated to ensure durability and comfort during off-road excursions.  Structural, static and dynamic safety will also be analyzed.  These analyses will consist of hand calculations to obtain a general idea of how the system will behave.  Critical regions that require more detailed analysis will be subjected to computer simulations for further study. 


MST has begun searching for materials and wheelchair accessories that can be used to complete the project.  Items such as tires, springs, shock absorbers, and state of the art wheelchair designs have been researched.  These items with specifications, costs, and vendors have been documented for possible future implementation.  A summary of this research is listed in Appendix B.

Budget

MST has estimated that the off-road wheelchair project will cost $1,340.  This conservative cost summary covers all phases of design and manufacturing.  Since a design has not been finalized, many assumptions were made about components and their cost.  MST expects to benefit from vender discounts, donations and may purchase pre-owned parts in order to complete the project.  The estimated costs are itemized in Table 1 below.

Table 1 – An estimated and itemized cost summary. 

	Item
	Quantity
	Price per Quantity
	Cost

	Aluminum Tubing
	
	
	

	 
	3/4" X 1/16" Round
	40
	$1.10
	$44.00

	 
	 
	
	
	

	Aluminum welding supplies
	
	
	

	 
	initial setup
	2
	$10.00
	$20.00

	 
	tungsten tips
	4
	$4.50
	$18.00

	 
	filler rod
	10
	$3.50
	$35.00

	 
	grinding wheels
	4
	$7.00
	$28.00

	 
	 
	
	
	

	Wheels and suspension
	
	
	

	 
	large back wheels
	2
	$50.00
	$100.00

	 
	small front wheels
	2
	$35.00
	$70.00

	 
	rear shock & absorber
	1
	$200.00
	$200.00

	 
	front shock absorbers
	2
	$50.00
	$100.00

	 
	 
	
	
	

	Creature comforts
	
	
	

	 
	seat cushion
	1
	$100.00
	$100.00

	 
	side support
	2
	$50.00
	$100.00

	 
	leg support
	2
	$50.00
	$100.00

	 
	head support
	1
	$75.00
	$75.00

	 
	armrests
	2
	$25.00
	$50.00

	 
	 
	
	
	

	Documentation
	
	
	$150.00

	Other
	 
	
	
	$150.00

	Phone Calls
	
	
	Provided by NAU

	Machine Shop, Power Tools
	
	
	Provided by NAU

	 
	 
	
	
	

	Computing Software
	
	
	

	 
	Finite Element Analysis
	
	
	Provided by NAU

	 
	Word Processing
	
	
	Provided by NAU

	 
	Spreadsheets
	
	
	Provided by NAU

	 
	Static and Dynamic Analysis
	
	
	Provided by NAU

	 
	 
	
	
	

	Labor
	 
	
	
	MST will provided

	 
	 
	
	TOTAL
	$1,340.00


Fundraising

MST plans to raise the majority of the necessary funds required to complete the off-road wheelchair project.  MST has currently solicited approximately $350.00 from the Associated Students of Northern Arizona University (ASNAU).  We plan to solicit ASNAU again in the spring during the fabrication phase.  MST also plans to solicit funds from the Institute for Human Development (IHD).  MST will also contact local businesses for donations or discounts on parts and services.  Agassi Healthcare has already offered to order wheelchair accessories at cost for the project.

Conclusion

MST is eager to work with the client to make this project a success.  We know we are qualified because of the experience we have gained and the education we have received.  We are motivated by this worthy cause to give this project our full effort.  MST has researched and found that no available off-road wheelchair model completely suits our client’s needs.  We will provide the solution to this mobility dilemma.  MST will design and fabricate a custom off-road wheelchair that completely satisfies the client’s requirements for a fraction of the cost of other available wheelchairs.   

Acceptance Agreement


This is an acceptance agreement between the client, Carol Seumptewa, and the Mobility Solutions Team, consisting of Brett Bonner, Roy La Barbera, Joseph Speigl, and Scott Turnbull.


As the authorized sponsor of the Mobility Solutions Team project, I do hereby accept the terms as proposed in the Mobility Solutions Team proposal dated December 7th, 2001.

Signature:
______________________________
Date:__________



Carol Seumptewa


The members of Mobility Solutions Team do hereby accept the terms as proposed in the Mobility Solutions Team proposal dated December 7th, 2001.

Signature:
______________________________
Date:__________



Brett Bonner

Signature:
______________________________
Date:__________



Roy La Barbera

Signature:
______________________________
Date:__________



Joseph Speigl

Signature:
______________________________
Date:__________



Scott Turnbull

Notice to Signers:


Mobility Solutions Team: Brett Bonner, Roy La Barbera, Joseph Speigl, and Scott Turnbull, retain all intellectual property rights to any design or components thereof during this project.  Mobility Solutions Team grants full rights to Carol Seumptewa to construct, or have constructed for her, unlimited Off-road Wheelchairs from the sketches and drawings presented to her from Mobility Solutions Team.  All finalized designs of Mobility Solutions Team are believed to be safe for public use.

Appendix A

Power Point Slides from Proposal Presentation December 3, 2001
Appendix B

State of the Art Research
Listed below are several parts and accessories that have been under consideration of MST for possible implementation.  Also listed below are several off-road wheelchair models currently on the market.

www.froglegs.com





Shock absorbing castors

www.greentryre.com




Air-free tires

www.diesteo.com





Wheelchair canopies www.strotos1.com





Mountain bike shock absorbers

www.rockshox.com





Mountain bike shock absorbers

www.home.HiWAAY.net/~amolcj/ind/chair.html

Senior Design wheelchair project

www.diabilityoptions.com




Kili Kart off-road wheel chair

www.disabilityexpo.com/unique /bcomber.htm

A beach wheelchair design

www.beachwheelchair.com



A beach wheelchair design

www.jmseeker.com.index.html



A beach wheelchair design

www.achievableconcepts.com.au/beach.hmt

A beach wheelchair design

www.hotshotproducts.org.product.htm


A beach wheelchair design

www.natural-access.com




A beach wheelchair design
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