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Executive Summary 

Over the past couple of decades, the number of wheelchairs users has more than doubled, with an 

estimated 1.85% of the population requiring one [1, 2]. The most common causes of wheelchair qualifications 

are neuromuscular disorders, as they directly affect the functionality of the body’s nerves and muscles [3]. 

Among these neuromuscular disorders, multiple sclerosis (MS) repeatedly appears amongst the top contributors, 

with 90% of MS patients exhibiting symptoms of muscle fatigue/weakness and spasticity. Studies have shown 

that 61% of patients with MS report using a manual wheelchair, with 59% of this population saying that 

wheelchair failed to meet their mobility needs [3]. 

 

Nadina Gregory is a MS patient currently using a manual wheelchair. Nadina was diagnosed with 

multiple sclerosis 22 years ago and transitioned to a mechanical wheelchair 17 years later when her walking 

became laboured. Homogenous to 92% of MS patients, Nadina’s symptoms have manifested themselves 

asymmetrically, resulting in a great disparity in strength between her arms [4]. Nadina’s right arm now lacks the 

strength to push its corresponding wheelchair wheel forward due to muscle spasticity. Consequently, she 

consistently veers towards the right as she tries to travel forwards. Additionally, Nadina is adamantly against 

electric wheelchairs as she feels that it would diminish her autonomy and independence, both traits in which she 

holds in high regard. Essentially, Nadina would require an omnidirectional manual wheelchair that enables her 

to counterbalance the muscle atrophy in her right arm. 

 

One-Wheel™ by Wheel Estate Corp was designed to empower users to reclaim their mobile 

independence. This wheelchair add-on allows its users to operate the wheelchair singlehandedly and change 

directions with ease. In Nadina’s case, she would use her currently unaffected left arm to control the wheelchair. 

Inspired by cars’ transmission lever, One-Wheel™ is effective and intuitive, requiring minimal force to operate.  

 

The finalized design consists of a wheelchair axle that is locked into place using a spring-loaded pin. 

When the hand-lever is moved, the pin is pulled into the axle through a system of pulleys, which enables the 

wheels to rotate separately. Ideal materials would be economic and with a low coefficient of friction to reduce 

required force and increase its lifespan. This design directly addresses the primary concern of MS patients with 

asymmetrical muscle spasticity. By enabling the user to reclaim their autonomy in mobility, One-Wheel™ is 

providing Nadina with a method to increase her quality of life whilst staying conscious of her sense of 

independence. 

 

One-Wheel™ is an extremely marketable product with the potential to expand beyond MS to all 

neuromuscular disorders with muscle fatigue symptoms. It differentiates itself from its competitors by its status 

as merely an add-on, and as such can be applied to existing wheelchairs. This makes it a significantly more 

economic and less noticeable alternatives to its bulky competitors that price up to hundreds of dollars. 

 

Overall, One-Wheel™ by Wheel Estate Corp provides Nadina with an economic way to reclaim her 

mobility by way of an omnidirectional mechanical wheelchair without compromising her sense of autonomy.  
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Main Body  

Summary of Design Objectives 

Milestone 1 Need Statement (Updated) 

Nadina has been diagnosed with Multiple Sclerosis for 22 years, which has caused a significant decrease in her 

autonomy and range of motion due to spasticity. Consequently, she has been forced to depend on others and her 

wheelchair for mobility and everyday tasks, thereby reducing her independence. Create a design that will 

improve Nadina’s range of motion and/or mobility, empowering her to reclaim her independence and decrease 

her reliance on others for basic everyday tasks.  

 

Refinements / Updates to Design Objectives 

Objectives:  

• Should be comfortable  

• Should be affordable  

• Should be user-friendly  

• Should be inconspicuous  

• Should be a passive/non-electrical device  

• Should have a very intuitive design with not much explanation required 

Constraints:  

• Must be able to be used independently  

• Must not get in the way of everyday tasks  

• Must not be too bulky 

• Device must not require a significant amount of force to be used / activated 

Functions:  

• Facilitates independent motion  

• Improves range of motion (directly or indirectly) 

 

Background and Research Summary 

 Our design’s primary purpose is to address the difference in strength between Nadina’s arms making her 

unable to steer her wheelchair herself. Nadina has suffered from multiple sclerosis for 22 years, and 

consequently, her muscle strength has deteriorated to the point where she relies on a wheelchair and caregiver to 

move. Her right arm is more prone to muscle spasticity than her left, leading to a significantly weaker right arm. 

Consequently, her manual wheelchair consistently veers towards the right as she attempts to move forwards. 

Nadina has also voiced her distaste for electric wheelchairs, claiming that it impeded her autonomy and 

independence. 
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Our solution directly addresses Nadina’s needs, as it gives her greater maneuverability with her 

wheelchair without compromising her autonomy by resorting to an electric wheelchair. Our design employs a 

mechanism that connects the two wheels of Nadina’s wheelchair, allowing her to move straight forward without 

shifting towards one direction. The wheels can also be disconnected through a lever, allowing her to make turns. 

The wheelchair’s axles would be connected through a spring-loaded pin, locking them together and allowing 

them to roll as one. These axles would ideally be fabricated from stainless steel – a lightweight and versatile 

material that would not impede the functionality of the wheelchair [5]. It is also easy to mass produce, allowing 

our design to be more economically accessible [6]. The outer axle is lined with holes across its surface, allowing 

the pin to extrude through the single hole of the inner tube thus two wheels can roll together. The material of 

this pin would remain wood, but it shall be upgraded to hickory wood for its distinctive rigidity and hardness 

[7]. This pin is pushed up by a metal spring, whose material shall remain metal, but its thickness should be 

slightly increased to reduce chances of breakage. Controlled by a hand-lever on the armrest of the wheelchair, 

the spring moves up and down, adjusting the pin’s position through a system of pulleys, string, and a custom 

3D-printed housing. The string and pulleys would be replaced with copper, making them more durable and 

resistant to tension [8]. Copper’s low coefficient of friction would also reduce the force required to activate the 

system, further benefiting the wheelchair user. Finally, the current 3D filament would be manufactured using a 

simple polished polycarbonate plastic, an economic material that is able to withstand the constant friction of the 

string/wire [9]. As a result, the ideal design would have improved strength, durability, lifespan, as well as 

minimized required activation force. 

Providing Nadina with a method of getting further range of motion from her wheelchair, One-Wheel 

improves her sense of independence, and with cost-effective materials, our solution becomes accessible and 

affordable to everyone. Future iterations of the One-Wheel will include stronger materials for the ease of the 

client and improve the efficacy of the solution. With strong and low maintenance materials, our solution is 

optimal for users like Nadina who wish to be more independent and regain their autonomy. 
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Description of Proposed Solution 

The purpose of our design is to increase Nadina’s independence by allowing her to user wheelchair to its 

full extent with only her left hand. Due to muscle spasticity in her right arm Nadina is unable to drive both 

wheels at the same rate thus making it difficult to travel straight forwards. By locking the axles of the wheels 

together she is only required to use one arm to drive both wheels at the same time. She can disconnect the axles 

with a hand-lever, allowing her to turn. By allowing her to drive her wheelchair with one arm she regains her 

independence and can use her wheelchair to its full extent regardless of having a weaker right arm. Our design 

connects the axles of the wheels together by a user-driven pin locking mechanism to allow for forward and 

turning motions. Figure 1 demonstrates how the axles connect.  

 

Figure 1: 

The axle of one wheel surrounds the other and contains 

multiple holes for pin alignment and axle locking, while the 

inner axle only has one hole that lines up perfectly with the pin 

movement. 

 

 

 

 

 

 

 

 

 

 

The inner axle of the left wheel contains a housing for the pin, spring, and pulley, where the spring 

assists the pin’s movement to lock and unlock the axles. Figure 2 demonstrates our pin housing. 
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Figure 2: 

As the string is pulled on through the pulley system by the 

lever it pulls down the spring, which in turn pulls down the 

pin to disengage the wheel axles. 

 

 

 

 

 

 

 

 

 

 

A pulley system consisting of three pulleys allows for the redirection of applied force from user input to 

the pin. Figure 3 demonstrates how the user controls the mechanism. This pulley system begins immediately 

below the spring and allows for the change in direction of force applied to the spring, directly pulling the spring 

downwards. Traveling out of the left wheel’s axle (specific to Nadina’s Case) the string (cable) turns around 

another pulley to travel upwards to the handle location. Around another pulley, the string can be pulled 

forwards by the lever and engage/disengage two axles with the help of the pulley system. 
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 Figure 3(a-c): The string attached to the pin and 3-pulley system provides access to the user to unlock and lock 

the axles as needed. On the other end, the string is connected to a hand lever on the armrest of the wheelchair, 

where the user can control the engagement of the axles.  

 In the future our product will serve as a modification to any manual wheelchair, and the handle will be 

customized to the side the user specifies. One-Wheel will serve as an easier mode of transportation for 

wheelchair users and help them regain some of their independence. Future iterations of the One-Wheel plan to 

incorporate a stronger cable for the pulley system and an improved method of attaching this cable to a locking 

handle. 

 

Product Identification 

Function 

• Allow users with varied forces from right and left to control the wheelchair with one hand to steer 

straight forward or turn with a user-driven mechanism.  

Key features 

• Single axle and hand lever 

• Customizable: user can disconnect and connect the axles at their discretion, allowing the design to be 

used by a variety of clients. 

• Ease of use/ User friendly: requires simple, quick, and low-force motions to accommodate all 

environmental conditions and user preferences. 

• Inconspicuous: our design features a small connecting axle and a hand lever. The non-electrical design 

makes One Wheel less noticeable. 

Appearance: 

• Small addition to standard manual wheelchair 

• Single axle connected to both drive wheels 

• Spring and pulley system hidden within axle 

• Arm push-lever on left side of wheelchair 

• Connected through left drive wheel axle to pulley system 
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Usage 

Instructions:  

• When our client Nadina wants to steer straight using only her left hand, she can connect the two wheel’s 

axles together using the hand lever on her left. In the default position, the spring-loaded pin will connect 

the two axles together though the holes on the axles. As a result, Nadina can steer the wheelchair straight 

without using the right hand. 

• When she wants to make turns, Nadina can then disconnect the two wheel’s axles through shifting the 

hand lever. The change of position of the hand lever will pull on the string and thus the pin so the two 

wheels are disconnected. Then Nadina can use her left hand to control solely the left wheel to make 

turns easily. 

Ergonomics: 

• To better fit with our client Nadina’s need, we designed our hand lever to be at the left side of the 

wheelchair on the armrest. Thus, Nadina does not need to bend herself or reach out when connecting and 

disconnecting the wheel axles. 

• The spring we used for the pin is not too strong that requires a lot of force for it to function, so Nadina 

can easily use her left arm to pull the lever to connect and disconnect the axles. The spring is not too 

weak either, so Nadina only needs to pull a very minimum distance for the lever to disconnect the axles 

and use the wheelchair. 

Reliability: 

• The One-Wheel’s pulley system and inner spring mechanism are unreliable. At times they will come 

loose or even break. Most of this can be attributed to poor materials in the assembly and inadequate 

support for load bearing structures (i.e., the axles). 

• In the future, with iterations to material choice as well as improved designs, the reliability will improve 

tremendously to satisfy customers. 

 

Standards and Safety 

• Currently, the safety of the One-Wheel is limited with the medium fidelity prototype, many health 

hazards exist with stray nails and an exterior pulley system easily damaged. If properly used, the device 

will cause no harm to the user, however in the future, alterations need to be made. 

• Potential future iterations of the One-Wheel™ can include a more inconspicuous housing for the pulley 

system and stronger connection to the handle of the user access. 

• As of now, the prototype does not meet safety standards for wheelchairs, there are no brakes for 

emergencies, there is no security measures for the safety of the user at all, most of this should come with 

future iterations of the prototype. 
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Appendices  

Appendix A: Project Schedule 

Figure A1. Preliminary Gantt Chart 

 

Figure A2. Final Gantt Chart 

 
 

Figure A3. Logbook of Additional Meetings and Discussions 
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Appendix B: Scheduled Weekly Meetings 

Figure B1. Weekly Design Studio Agenda’s 

*No Agenda for Week 1, since roles had not yet been assigned* 
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Figure B2. Weekly Design Studio Meeting Minutes 
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Appendix C: Design Studio Worksheets 

Insert image here 

Figure C1. Milestone 0 
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Figure C2. Milestone 1 
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Figure C3. Milestone 2 
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Figure C4. Milestone 3 
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Figure C5. Milestone 4 
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Appendix E: Additional Documentation 

Figure E1. First iteration of the combined axles 
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Figure E2. Failed 3D prints 
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Figure E3. Woodworking process
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Figure E4: Pin/Spring Housing Fully Dimensioned Engineering Drawing 
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Figure E5: Pipe Fitting fully dimensioned engineering drawing 
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Figure E6: Pulley Rod fully dimensioned engineering drawing 
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Figure E7: Pulley fully dimensioned engineering drawing 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1P10 DP-4 Final Report Design Studio Section 05 Team 36 

55 

  

Figure E8: Full Mechanism assembly drawing 
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Figure E9: Pin/spring modelling view 
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Figure E10: Pipe fitting modelling view 
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Figure E11: Pulley rod modelling view 
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Figure E12: Pulley modelling view 
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Figure E13: Mechanism Assembly model view 
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Figure E14: Initial prototype of axle set up and pin locking mechanism 
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Figure E15: Secondary prototype of locking pin mechanism 
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Figure E16: Alternate view of pin mechanism with sliding chamber and spring 
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Appendix F: Fabrication Process 

We first connected the two bike wheels together using a PVC pipe: we drilled holes around the end of the 

pipe and uses wires to connect it to the wheels. We cut the PVC pipe into two pieces so we can choose to 

connect or disconnect the two wheels. 

 

Figure F1. Two-wheel axles combined by PVC pipes 
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We then cut the planks we bought from Home Depot and put the two casters together to support the whole 

wheelchair prototype. 

Figure F2. Connecting the casters with pins and planks 
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We then 3D printed the pin housing and cut the wood stick to make the pin. We then put the pin, the housing, 

the thread, and the spring together to make the connecting device.  

Figure F3. Connecting Device (pin housing, pin, thread, and spring) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1P10 DP-4 Final Report Design Studio Section 05 Team 36 

67 

  

We then use nails and planks to build the whole frame of our prototype, connecting the wheels and the 

casters, connecting the pin with the lever. 

Figure F4. Using nails to connect the planks and the casters 

 
 

Figure F5. Drilling Holes Through the Planks 

 
 


