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Executive Summary 

Within the past five years, Canada has witnessed a significant increase in the severity of 

its climate conditions, causing disruptions to the daily lives of its citizens. With Canada 

warming at twice the global rate, individuals who rely on a wheelchair for everyday mobility 

must frequently deal with harsh rainfall and storms which can pose challenges [1]. Such 

adversities create significant barriers within a wheelchair user’s transportation due to the 

inefficiency of the current tire model.  

A common tire model has an absence of treads and extensions to assist the wheelchair 

in pushing through snow and salt while also maintaining the ability to transport over ice and 

slipper conditions. Due to the frigid winter season, the traction on wheelchair tires averages a 

lifespan of 12-36 months [2]. To avoid the annual costs of repurchasing required winter 

equipment along with increasing efficiency of combatting the inconsistent forecast, 

manufacturing a design which aids Tiffany's ability to navigate in adverse weather conditions 

to ultimately enhance her quality of life, ensuring durability and accessibility throughout. Our 

team tackled those adversities through creating the WinTire, a tire add-on for wheelchair users 

combatting the winter season. The prototype consists of a circular metal grid, bound to fit any 

wheel through the adaptable circumference, metal L shaped rods placed 4 inches apart, 

responsible for the displacement of the ground content, which are all attached through the 

securing of a thin metal wire.  

Through the durable material of aluminum metal, the WinTire has been thoroughly 

considered for increased longevity against the harshest conditions along with general damage 

such as rusting. Aluminum alloy has an average life span of over 40 years, furthering the 

longevity of the product and fulfilling the objective to minimize cost and time [3]. Overtime, 

the cost of purchasing the WinTire outweighs the cost and time associated with the hassle 

purchasing an annual tire replacement. While current solutions such as tire chains exist, they 

are inefficient regarding the transportation of snow over 5cm, furthering the limitations 

wheelchair users face. Through the sweeping motion provided by the L shaped rods, the 

WinTire combats heaps of snow as our testing plans reported an average displacement of 3 

grams per rotation.  
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Throughout prototyping the WinTire, the limitations due to time and cost of the 

materials to complete the functions to perfection hindered the final product. As transportation 

over ice was one of the main concerns, the ideal material of the L shaped rods would be rubber 

which increases the friction against the slippery surface and creates traction [4]. Although, due 

to over-budget cost and limited access to the specific materials, such adjustments could not be 

made. WinTire offers a promising solution minimizing the cost and time through durable 

resources along with accessible installation allowing greater independence for wheelchair users 

like Tiffany navigating the harsh weather conditions of Canada.  

Background Information 

Client and Problem Information 

For Project 4, students partaking in the 

ENGINEER 1P13 course have the opportunity to 

collaborate with and serve the perseverant client, 

Tiffany. She is now 33 years old and was 

diagnosed with Spina Bifida at birth which occurs 

when the spine and spinal cord don’t form 

properly. As a result, she is prevented from 

experiencing any movement in body parts below 

the waist and has had two metal rods inserted in 

her back to straighten her spine [5].  

A nurse and personal support worker aid Tiffany in some daily tasks like getting dressed. Tiffany 

utilizes a power wheelchair in her everyday life, although it has brought ease into her life, it has several 

weak components, such as an unaccommodating width that makes many doors inaccessible for her along 

with its deterred function in winter conditions. Snow and slush pose dangers of wheel skidding and internal 

chair damage. For her financial independence, she has a Job at her local Walmart, working as both a shelve 

stocker and a greeter. Tiffany is a very lively character, she enjoys time with friends, dance lessons, and 

many hobbies such as martial arts. In her day-to-day life, she also utilizes a Reacher-Grabber arm at home 

which allows her to pick up and place items that are normally out of her range. She also faces skin sensitivity 

which prevents her from using heating pads that can ensure the rods in her back don’t get too cold in winter. 

Tiffany aims to achieve greater independence in her life with a priority on safety [5]. 

Figure 1: Our Client Tiffany 
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Despite her medical condition, Tiffany continues to live and enjoy her life unwilling to be defined 

by her medical condition. Her story showcases the many struggles people with “(dis)ability” face and as 

she continues to push and fight through the many adversities life has thrown at her she demonstrates that 

people with disability can too overcome challenges and achieve their goals.  

The difficulties that Tiffany faced with operating her wheelchair during the winter season stood out 

to the team.  The team identified the problem of the deterred functionality coupled with the safety risks of 

Tiffany’s wheelchair tires in winter conditions. Instantly, this problem was declared the focal purpose of 

the design solution for Project 4. 

Existing Solutions  

Upon gathering information about Tiffany, it came to the team’s attention that winters are 

extremely difficult for Tiffany to navigate with her wheelchair as the wheelchair wheels fail to provide 

ample strength, grip, and traction needed to combat winter conditions safely and efficiently. To build a 

design solution pertaining to the identified problem, extensive research was conducted on existing solutions 

and products in the market that helped equip wheelchair users for safe navigation in winter conditions. 

Winter wheelchairs, tire chains, tire covers, and snow cleats are among many of the products 

available in the marketplace today to enhance mobility in winter conditions. Several companies sell tire 

chains to attach onto tires for increased traction in snowy and icy conditions, however, this product is 

targeted toward car tires and can only be used in snowy and icy conditions as it can cause damage to clear 

roads and surfaces [6]. Also, there are not any reliable tire chains available for wheelchair users on the 

market currently. Winter wheelchairs, such as the GRIT Freedom 

chair are available in the market for a minimum of four thousand 

dollars, but they are strictly equipped to heighten mobility in 

winter with their snow-ready design [7]. These wheelchairs fall 

short when it comes to handling other weather conditions and 

various terrains, and they also prompt users to switch to different 

wheelchairs once they leave winter conditions. Tire covers are 

also available in the market 

with the sole aim of combatting snow and rain, these are easy to attach 

and detach from existing tries, however, they are only suitable for 

certain wheelchair makes and models and there is very restricted 

availability on the sizes available for these products [8]. Lastly, snow 

cleats are also in the market, they are reusable and detachable, with 

Figure 2: The GRIT Freedom Wheelchair [6]. 

Figure 3: The FOLD & GO Snow Cleats [8]. 
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metal features allowing for extra traction in deep snow. This product is only available for wheelchairs from 

a specific company and cannot be used on concrete, asphalt, or wooden ramps as the product will flatten 

and break [9].  

Despite the availability of the above-discussed products, they are not widely accessible to most 

wheelchair users, due to their high price, exclusivity, and limited functionality under all circumstances. 

After careful consideration of existing products, the team’s discussion led to a design solution that was 

centered around the idea of a winter tire add-on. The team aimed to make this design solution unique from 

all the existing solutions by setting objectives and constraints (later discussed) that allowed it to be a safe, 

reliable, and highly viable option for all wheelchair users.  

Problem Framing 

Tiffany experiences significant adversity due to her condition, Spina Bifida, which obligates her 

to a wheelchair. Harsh weather conditions caused by snow and salt wear down her tires which present a 

multifaceted challenge in creating an effective solution to ultimately enhance her mobility outdoors. With 

this problem, numerous objectives and constraints arise. Our primary objectives include durability, 

efficiency, and longevity. Seeing that our tire attachment is undergoing profuse amounts of stress, it is 

necessary that our design can withstand the stress and not plastically deform. It is also essential that our 

design is efficient enough to satisfy all of Tiffany’s demands and more as her adventures will lead her 

through various conditions. Additionally, longevity is a main objective to ensure that our attachment can 

traverse numerous surfaces such as snow, salt, gravel, concrete, grass, pavement, etc. without hindering 

the efficiency of the design or damaging the attachment. However, due to the budget given for our design, 

cost was the main constraint.  
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Conceptual Design 

 The initial concept for the design was to implement a convey belt style cover for Tiffany’s primary 

and secondary wheels that would be used during the winter months to help her deal with the snowy and icy 

weather conditions. She talked about how her battery’s close proximity to the ground would damage it as 

well as the fact that she often needed the help of caregiver to complete her 

trips to work. In our initial design, we envisioned the treads as trapezoidal 

pegs that raise her height off the ground as well as push snow backwards as 

she travelled. In our refined initial prototype, we included tips on each 

individual tread to serve as a symbolic representation of the traction the final 

design would need to have in order to resist slipping (Fig. 4). An important 

aspect of our conceptual design was its ability to provide a smooth driving 

sensation for the user, as the performance of the design would be 

meaningless if it did not enhance Tiffany’s quality as well as her overall 

independence. In our morph chart, we tinkered with ideas like an internal 

heating system within the treads and chains to secure Tiffany’s wheel to our 

design; ultimately, the decision was made to keep the design reduced to the 

core objectives.  

To stand out from other similar existing designs, we focused on the portability of the design to 

easily attach and detach from the wheel. Through the use of a decision matrix, the main design components 

that remained after the first round of revision was a connective piece – whether it be tubing or chain – to 

keep the design in place and edged, rod-like pieces that would displace snow and salt. When presented to 

TAs, IAIs, and science students, they were primarily concerned about how the treads would damage interior 

flooring, considering Tiffany would eventually need to go inside with the treads on at some point to take 

them off. This proved to be a key part of the design process as we needed to add a part to the design that 

would soften the damage done to combat the sharpness of the metal. This element would be added in later 

iterations of the design. 

Figure 4 – Refined Initial 
Prototype 
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Final Proposed Design 

The final design of our snow removal device, named WinTire, bridged innovative design 
with efficient functionality to provide a solution that exceeds expectations at an affordable rate. At 
its core, WinTire consists of a circular grid meticulously constructed to optimize snow removal 
efficiency, L-Bars to carry out the snow-removal and aluminum wire to keep it all together. The 
circular grid, as depicted in (Fig. #), is strategically designed to accommodate the placement of 
cut-L bars with precision. 

Fig.5 Bill of Materials 

 

 

 

Specifications:  

- Total Cost: $87.66 (as per Bill of Materials, Fig.5) 

- Capacity: Holds up to 8 kg of weight (Fig. 7) 

- Snow Removal Efficiency: Approximately 4 inches of snow per rotation (Fig. 8) 

- Durability: Estimated lifespan of 5 years (Fig. 9) 

Construction and Development Methods: 

The construction of WinTire began with the assembly of the circular grid, ensuring its 
diameter perfectly aligned with the intended design. This initial step was pivotal, as it dictated the 
optimal spacing for the cut L-bars along the calculated circumference of the tire. The arrangement 
of these bars, detailed in (Fig. 6), was crucial for maximizing the use of the 36-inch L-bars acquired 
for the project. 
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The testing of our prototype further 
guided our construction decisions. Using 1kg 
bags of rice (Fig. 7), we were astounded to find 
that WinTire could withstand an impressive 8 
kg of weight. This testing not only validated our 
design but also assured us of its durability and 
load-bearing capacity. 

 

 

 

Fig.6: Initial L-Bar Arrangement  

The testing plan for WinTire was comprehensive, focusing on key metrics such as load 
capacity (in kg), snow removal efficiency (inch / rotation), and product longevity (years). Our 
device surpassed expectations in each aspect. The load testing revealed an impressive capacity of 
8 kg (Fig.7), ensuring its ability to handle heavy snowfall without compromise. 

 

In terms of snow removal efficiency, WinTire proved 
its effectiveness by clearing approximately 4 inches of snow 
per rotation (Fig. 5). This metric was crucial for ensuring swift 
and thorough snow removal, especially in varying weather 
conditions. 
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Fig.7 Load Capacity Testing 

Addressing the constraint of material durability, 
our Granta Material selection chart guided us towards 
aluminum, balancing cost-effectiveness with resilience. 
However, rust emerged as a potential issue during testing. 
To mitigate this, we coated WinTire with a rust-
protective paint, ensuring longevity and customer 
satisfaction throughout the seasons. 

Moving forward, our focus lies on enhancing user 
experience and indoor usability. The addition of a rubber 
sheath to the L-bars (Fig. 8) will enable WinTire to 
traverse indoor surfaces without causing any damage, 
expanding its utility for users like Tiffany.   

Fig.7 Snow Removal Testing 

 

 

 

 

 

 

         Fig.9 Final Product: WinTire 

Conclusion 

All in all, the WinTire materialized into a fully fledged prototype with several design elements that 

were carried over from our initial brainstorm combined with ideas gathered throughout the design process. 

The final refined prototype is entirely capable of displacing snow, as was primarily intended, and could 

seamlessly attach and detach from the wheel that we had brought in for demonstration. If given extra time, 

the first element we would incorporate would be the polymer tips that would over the aluminum L-shaped 

rods to prevent rust and damage to interior flooring. The most effective material would have been an 

industry grade polymer; however, it still could have been possible to add a material that symbolically 
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represents the function of the polymer coating. This minor change does not affect the design’s overall ability 

to perform its functions as this was merely to help with longevity. Additionally, our final test plan could 

have been altered so that we had a clearer understanding of how smoothly the design could have rolled in 

junction with the wheel. By using wooden supports in place on the wheel, the design lost its shape over 

time and became less functional. In spite of this, the design still proved to effectively move through snow 

and salt.  

Through completion of this project, we learned about the importance of solidifying a testing plan 

that thoroughly tests several aspects of a design at once as well as making key observations about its 

performance. The testing plan that we developed ultimately revealed critical errors within the design that 

we were then able to change when we demonstrated the final refined prototype. One of the changes being 

a better method of keeping the design from spinning off the wheel. By having every member of the group 

available and actively engaged with the work, the decisions made throughout the design process felt more 

justified and assured as they were backed by several opinions. In the future, it may be more effective to 

allocate more time to testing and undergo several test plans to ensure that the design is able to perform the 

several tasks it was meant to do. 
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Appendices 

Appendix A: Supporting Documents  

Section 1  

GRIT Freedom Wheelchair (winter wheelchair) 

Snow Cleats  

Section 2 

Preliminary sketches: 
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Initial Prototypes: 

 

 

 

 

 

 

 

Trapezoidal treads and sponges mimicking traction feature stood out to the team. 

 

 

Refined Initial Prototype: 

 

 

Popsicles and carboard inner frame were added for stability, strength and maintaining shape, sponge 

material was inserted on the edges of the treads for increased traction and grip.  
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Further Refined Prototype: 

 

 

 

 

 

 

 

 

Design Review #1 Notes: 

feedback from your faculty mentor, staff, or assigned TA/IAI in this row 

• How will this be installed and maintained? 
• Conveyor belt style seems a bit challenging. 
• Understand the function/purpose of each wheel. 

o Do some stay stationary and solely translational while others have rotational 
features.  

§ Which wheels NEED the traction belt around them? Can some wheel’s not 
have them while serving the overall purpose. 

• Do some research into the material of the add-on. 
o Rubber and Rubber à too high of a friction against each other causing little to no 

movement.  
o Consider maintenance, flexibility, and overall cost.  

• Compare strength and maintenance, weigh the importance of both factors. 
o Have a strong product while having weaker maintenance.  
o Have an easily maintained product while having a weaker overall product  
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feedback from science students in this row. (if applicable)  

• Easy maintenance and repair  
o Review costs, accessibility of replacements, and maintenance procedures 

• Tiffany mentioned a previous incident where she was alone, and her belt snapped. 
o To combat, our team’s design must be easy to repair and avoid dependance 

on other.  
 

Design Review #2 Notes: 

feedback from science students in this row. 

- Asked whether the tire add on is equipped for use during various weather conditions, 
such as snow.  

- Our answer was to ensure to use a weather resistant material coated over the body of 
the add on allowing for use and function for various weather conditions.  

feedback from your faculty mentor, staff, or assigned TA/IAI in this row 

- Were curious as to how the add-on will attach to the actual wheel.  
- Concerned that final L shape rod may not be safe for all terrains including floors  
- Try to make the final design the right size according to the actual wheelchair tire and 

complete it, we may also use a  
- Ensure the material you use for the add-on is ice, water, and salt-resistant  
- Try to make the add-on cleanable 
- Do your research to determine the material choice, and have research to back up any 

design choices.  
- However, it is not necessary to coat the final design as long as research is done to back 

up the planned/anticipated design and material decisions.  
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Refined Sketch Upon Testing Plan Execution: 

 

Feature added to account for attachability objective of design solution.  

 

Final Design: 

 

 

 

 

 

 

New features: Pink colour, attachment mechanism, and a tire is inserted inside demonstrating functionality. 
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Section 3 (Final Prototype Documents) 
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Appendix B: Project Schedule 

Preliminary Gantt Chart (Emilya) 

 

 

Final Gantt Chart (Aman) 

  



1P13 DP-4 Project Report,  Design Studio Section T12  Team 43 

22 
 

Appendix C: Scheduled Weekly Meetings 

ENGINEER 1P13 
MEETING WITH TEAM 43 - FRIDAY, FEB. 16, 2024 
Attendance 

Role Name Mac ID Attendance (Yes/No) 

Manager Emilya Hum hume3 Yes 

Administrator Aman Minhas Minhaa18 Yes 

Coordinator Noor Ahmed Ahmem125 Yes 

Subject Matter Expert Shadi El-Fares elfaress Yes 

Subject Matter Expert  Shajijan Narendran narends Yes 

Agenda Items 

1. Milestone 0 & 1: Team Development, Problem Framing and Test Plan  

Meeting Minutes 

1. Intros 
2. Assign Project Leads (Team Charter) 
3. Fill out previous project experience  
4. Created initial problem statement  
5. Testing Plan Development  
6. Set Objectives for design solution: Durability, Portability, Longevity, Battery life, Accessible 

& Safe 
7. Constraint for design solution: Weight 
8. Objectives + Corresponding Metrics (inventor simulations, travelling difficulty, years, battery 

efficiency, pounds)  
9. initial testing plans for each objective  
10. Design Solution in mind: Reacher Grabber Type of Mechanism  
11. Finalize Refined Problem Statement  
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12. Decided on individual research assignment topics  

Post-Meeting Action Items 

1. Complete Preliminary Gantt Chart(Emilya) 
2. Work on Research Assignments 
3. Continue brainstorming design solution 
4. Work on individual Milestones 
5. Milestone Submission(Aman) 
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ENGINEER 1P13 
MEETING WITH TEAM 43 - FRIDAY, MAR. 1, 2024 
Attendance 

Role Name Mac ID Attendance (Yes/No) 

Manager Emilya Hum hume3 Yes 

Administrator Aman Minhas Minhaa18 Yes 

Coordinator Noor Ahmed Ahmem125 Yes 

Subject Matter Expert Shadi El-Fares elfaress Yes 

Subject Matter Expert  Shajijan Narendran narends Yes 

Agenda Items 

2. Milestone 2: Design Exploration & Design Review #1 

Meeting Minutes 

1. Discussed Findings from research assignments 
2. Complete change of plans 
3. No longer executing a Reacher-grabber kind of design solution 
4. Switched to a winter tire add-on design solution 
5. Complete Summary of changes: Functional Analysis 
6. Complete Updated Refined Problem Statement 
7. Gather info from research assignments, including info on the client, existing solutions in 

the market, patents, and materials 
8. Update Objectives and Constraints 
9. Design Review 
10. Notes + Feedback from Ta’s during design review 

Post-Meeting Action Items 

1. Complete functional analysis, input means for decided functions 
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2. Reflect on feedback, and find ways to incorporate feedback into the proposed design solution 
3. Conduct further research as prompted by the TAs to determine potential material for the design 

solution  
4. Conduct further research into wheelchair wheels and each wheel’s purpose  
5. Compare the importance of each objective for example Strength Vs. Easy Maintenance 
6. Milestone Submission(Aman) 
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ENGINEER 1P13 
MEETING WITH TEAM FRI-43 - FRI, MAR. 8, 2024 
Attendance 

Role Name Mac ID Attendance (Yes/No) 

Manager Emilya Hum hume3 Yes 

Administrator Aman Minhas Minhaa18 Yes 

Coordinator Noor Ahmed Ahmem125 Yes 

Subject Matter Expert Shadi El-Fares elfaress Yes 

Subject Matter Expert  Shajijan Narendran narends Yes 

 
Agenda Items 

1. Milestone 3: Prototyping and Decision Making 
2. Determine which 2 concepts to proceed with for the design solution  

Meeting Minutes 

1. Decision matrix to identify the 2 most optimal design concepts 
2. Determine Matrix Criterion, weighing, and each prototype's score 
3. Criterion: Ice & Snow Traction, Push Back Snow, Durable/Strong, Reduced sticking of salt to tread, 

latches onto wheel, and smooth driving sensation 
4. Top Concepts. 1) Trapezoidal treads with connective tubing 2) Rounded edge tire treads 
5. A concept that focused on the entire body of the add-on along with a prototype that focused on the 

tire/tread feature of the prototype scored the highest in the decision matrix 
6. Created Refined Project Timeline, allocated tasks to each member and deadlines for each task 
7. Complete + Update Gantt Chart (Emilya) 
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Post-Meeting Action Items 

1. Complete Prototyping Phase 
2. Combine elements from both top concepts 
3. Begin design, material, and fabrication phase 
4. Milestone Submission(Aman) 
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ENGINEER 1P13 
MEETING WITH TEAM 43 - FRIDAY, MAR. 15, 2024 
Attendance 

Role Name Mac ID Attendance (Yes/No) 

Manager Emilya Hum hume3 Yes 

Administrator Aman Minhas Minhaa18 Yes 

Coordinator Noor Ahmed Ahmem125 Yes 

Subject Matter Expert Shadi El-Fares elfaress Yes 

Subject Matter Expert  Shajijan Narendran narends Yes 

Agenda Items 

1. Milestone 4:  Refined Prototyping and Testing Plan & Design Review #2 
2. Testing Plan 
3. Desing Review 

 

Meeting Minutes 

1. Description of Refined Prototype 
2. Finalized name for solution: The “WinTire” 
3. Determine the kind, purpose, and level of fidelity of the prototype 
4. Medium Level Fidelity 
5. Physical + Comprehensive Prototype 
6. List objectives + metrics for prototype 
7. Objectives: Flexibility, Durability, Portability, and Grip 
8. Metrics: Weight, Cost, and Angular Velocity  
9. Elements from various initial prototypes are incorporated and combined into the refined 

prototype 
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10. Rough Parts of sponge added to add-on treads to increase grip + ice traction, Indents in 
the add-on frame allow for more flexibility, Popsicle sticks acted as support structures, 
Paper Clip features act as attachment mechanisms 

11. Create a Present Testing plan + Future Testing Plan  
12. Feedback from Design Review 

Post-Meeting Action Items 

1. Understand and try to incorporate feedback from the design review into the actual design 
solution/prototype  

2. Refine the Testing plan + appropriate sources/references  
3. Milestone Submission(Aman 
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ENGINEER 1P13 
MEETING WITH TEAM 43 - FRIDAY, MAR. 22, 2024 
Attendance 

Role Name Mac ID Attendance (Yes/No) 

Manager Emilya Hum hume3 Yes 

Administrator Aman Minhas Minhaa18 Yes 

Coordinator Noor Ahmed Ahmem125 Yes 

Subject Matter Expert Shadi El-Fares elfaress Yes 

Subject Matter Expert  Shajijan Narendran narends Yes 

Agenda Items 

1. Milestone 5: Execution of the Test Plan and Finalizing the Design  

Meeting Minutes 

1. Conduct Final Evaluation of Objectives and Constraints  
2. Quantitative and Qualitative Objectives + Metrics  
3. Constraints + Metrics  
4. Testing Plan for immediate implementation 
5. Testing Plan Execution 
6. Tire add-on inner frame should have had a circular inner frame to better replicate the support of 

the tire 
7. Add a material to cover L-shaped metal features to prevent damage to surfaces.  
8. Add-on could hold 7kg without permanent deformation 
9. L-shaped features successfully pushed back snow and ice 
10. Add-on did not break and displayed flexibility  

Post-Meeting Action Items 

1. Testing Plan Discussion 
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2. Results + Images for durability, efficiency, and longevity objectives tested for in testing plan  
3. Discuss Results for aspects of the testing plan pertaining to constraints  
4. Find a Tire like item to put inside add-on 
5. Material to cover add-on  
6. Edit and submit Milestone(Aman) 
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ENGINEER 1P13 
MEETING WITH TEAM 43 - FRIDAY, MAR. 29, 2024 
Attendance 

Role Name Mac ID Attendance (Yes/No) 

Manager Emilya Hum hume3 Yes 

Administrator Aman Minhas Minhaa18 Yes 

Coordinator Noor Ahmed Ahmem125 Yes 

Subject Matter Expert Shadi El-Fares elfaress Yes 

Subject Matter Expert  Shajijan Narendran narends Yes 

Agenda Items 

1. Presentation prep-time 

Meeting Minutes 

1. Finalize color of prototype   
2. Begin Presentation Slides  
3. Create Presentation Script, and assign parts  
 

Post-Meeting Action Items 

1. Buy Spray-paint (Noor) 
2. Refine Presentation (All) 
3. Practice assigned parts (All) 
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ENGINEER 1P13 
MEETING WITH TEAM 43 - FRIDAY, APRIL 5, 2024 
Attendance 

Role Name Mac ID Attendance (Yes/No) 

Manager Emilya Hum hume3 Yes 

Administrator Aman Minhas Minhaa18 Yes 

Coordinator Noor Ahmed Ahmem125 Yes 

Subject Matter Expert Shadi El-Fares elfaress Yes 

Subject Matter Expert  Shajijan Narendran narends Yes 

Agenda Items 

1. Presentation practice 
2. Final Presentation (Pitch)  

Meeting Minutes 

1. Assign Parts for Presentation 
2. Run through the presentation several times 
3. Last-minute changes needed to be made 

Post-Meeting Action Items 

1. Complete Self and Peer Reviews (All) 
2. Assign Parts to each member for Final Project Report(All) 

Relevant External Entries 

March 19th 

• Im here Aman Minhas by Shajijan Narendran (1:37 PM) 
• okay coming! by Aman Minhas (1:37 PM) 
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• Begin Reference, I'll come when everyone el... by Aman Minhas (1:42 PM) 
• Looks good, so like I told Shajijan. I’ll h... by Shadi El-Fares (2:36 PM) 
• Ok average is 7 so we can go with that by Shadi El-Fares (2:37 PM) 
• Yea ok by Shajijan Narendran (2:37 PM) 
• But wheel diameter hasn’t changed just to c... by Shadi El-Fares (2:37 PM) 
• We are still 10in radius by Shadi El-Fares (2:38 PM) 
• Ye the diameter is still 10 inches by Shajijan Narendran (2:41 PM) 
• Ok cool, I only need to buy 2 more the by Shadi El-Fares (2:43 PM) 
• Just re did the calculation, only need to b... by Shadi El-Fares (2:44 PM) 
• Does anyone have Last chemistry lab flowchart in good handwriting by Shadi El-Fares 

(4:20 PM) 

March 20th 

• Do you still want it by Shajijan Narendran (1:43 PM) 
• I didn’t read this till now also what time ... by Shajijan Narendran (1:44 PM) 
• after the lab no? by Noor Ahmed (1:44 PM) 
• yeah we’re meeting at lp after lab aren’t w by Emilya Hum (2:34 PM) 
• I had some of this stuff written down: What if there is a constraint on the obtainable 

materials due to the load bearing capacity. As in we can't source materials that can 
actually hold the subject's weight. by Shadi El-Fares (5:43 PM) 

• what would the metric be by Shajijan Narendran (8:14 PM) 
• is it like young's modulus and the other one by Shajijan Narendran (8:14 PM) 
• emilya & i are going to work on the prototy... by Aman Minhas (10:20 PM) 
• my food comes at 11:30 by Emilya Hum (10:35 PM) 
• I can work on it now by Emilya Hum (10:35 PM) 
• LOOL OKAY OKAY EAT GURLIE DONT WORRY by Aman Minhas (10:35 PM) 
• if you're available by Emilya Hum (10:35 PM) 
• Wait by Aman Minhas (10:35 PM) 
• i don’t wanna work on it now by Aman Minhas (10:35 PM) 
• i’m in tutoring by Aman Minhas (10:35 PM) 
• kinda by Aman Minhas (10:35 PM) 
• ohhh okie by Emilya Hum (10:35 PM) 
• I'll just bring the food w me by Emilya Hum (10:35 PM) 
• anyways, we can do after you eat if that wo... by Aman Minhas (10:35 PM) 
• but idk if the rest of our group is awake tbh by Aman Minhas (10:36 PM) 
• when is your tutoring done by Emilya Hum (10:36 PM) 
• 11:00 by Aman Minhas (10:37 PM) 
• ok ok is everyone joining the meet or just ... by Emilya Hum (10:39 PM) 
• no no it’s a group effort by Aman Minhas (10:39 PM) 
• group consensus by Aman Minhas (10:39 PM) 
• Im awake i can join by Noor Ahmed (10:40 PM) 
• i think it makes sense for us to grind it o... by Aman Minhas (10:40 PM) 
• ok by Noor Ahmed (10:40 PM) 
• we’ll see thougy by Aman Minhas (10:40 PM) 
• Shajijan Narendran and Shadi El-Fares ar... by Emilya Hum (10:41 PM) 
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Appendix D: Sources Material Database 

[1]  ”Wheelchair Market Size, Share & Trends Analysis Report,” Grand View Research, 

2021. [Online]. Available: https://www.grandviewresearch.com/industry-

analysis/wheelchairmarket#:~:text=The%20global%20wheelchair%20market%20size,an

d%20operations%20in%20different%20regions. [Accessed March. 3, 2024] 

[2] “Different Types of Wheelchairs,” Redman. [Online]. Available: 

https://www.redmanpowerchair.com/different-types-of-wheelchairs/. [Accessed March. 

3, 2024] 

[3] “Types of Wheelchairs, “ United Spinal Association. [Online]. Available: 

https://www.spinalcord.org/disability-products-services/types-of-wheelchairs/. [Accessed 

March. 3, 2024] 

[4] “Wheelchair Winter Tyres,” invictus active. [Online]. Available: 

https://www.invictusactive.com/wheelchair-winter-

tyres/#:~:text=These%20wheelchair%20winter%20tyres%20have%20enlarged%20outer

%20lugs%20that%20increase,puncture%20protection%20called%20K%20guard. 

[Accessed March. 3, 2024] 

[5] “The Best Reacher Grabber Tools of 2024,” Reviewed USA Today. [Online]. 
Available: https://reviewed.usatoday.com/lifestyle/best-right-now/the-best-reacher-
grabbers. [Accessed March. 3, 2024] 

[6] “P4- Project Module”, class notes for 1P13, pg. 1-30, Engineering, McMaster 
University, Winter Term, 2024.  

[7] “Snow Tires Vs. Chains: Here’s All You Need To Know,” GT Radial. [Online]. 
Available: https://www.gtradial-us.com/blog/snow-tires-vs-chains-heres-all-you-need-to-
know/#:~:text=They%20provide%20increased%20traction,are%20a%20one%2Dtime%2
0purchase. [Accessed April 9, 2024] 

[8] “Using the GRIT Freedom Chair in the Snow,” GRIT. [Online]. Available: 
https://www.gogrit.us/snow-wheelchair. [Accessed April 9, 2024] 

[9] “retyre Traction Wheelchair Tire Covers for Snow & Rain | Wheelchair Accessories,” 
MyMobilityStore. [Online]. Available: https://mymobilitystore.com/. [Accessed April 9, 
2024] 
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[10] “FOLD + GO Snow Cleats,” FOLD&GO Electric Wheelchairs. [Online]. Available: 
https://www.foldandgowheelchairs.com/travel-friendly/fngo-snow-cleats/. [Accessed 
April 9, 2024] 

[11] Autodesk® Inventor 2024 LT™ software, Autodesk, Inc, 2023 
(www.autodesk.com). 

[12] Ansys GRANTA EduPack software, ANSYS, Inc., Cambridge, UK, 2023 

(www.ansys.com/materials) 

[13] “Spina Bifida,” National Institute of Neurological Disorders and Stroke, 2024. 
https://www.ninds.nih.gov/health-information/disorders/spina-bifida (accessed Feb. 26, 
2024). 

[14] “Does Body Metal Cause Pain in Cold Weather?,” Direct Orthopedic Care, 2019.  

https://www.directorthocare.com/does-body-metal-cause-pain-in-cold-weather/ (accessed 
Feb. 26, 2024). 

[15] A. Pulrang, “Why Is Accessibility Still A Problem? What Can We Do About It?,” 
Forbes, Oct. 12, 2022. Accessed: Feb. 26, 2024. [Online]. Available: 
https://www.forbes.com/sites/andrewpulrang/2019/11/21/why-is-accessibility-still-a-
problem-what-can-we-do-about-it/?sh=7920b727f23a 

[16] Quantum Rehab, “Edge® 3 Wheelchair Base | Quantum Rehab® :: Electric 
Wheelchairs,” Quantum - The Rehab Power Chair Solutions Company, 2024. 
https://www.quantumrehab.com/quantum-power-bases/edge-3.asp (accessed Mar. 03, 
2024). 

[17] J. Ripat et al., “Winter Mobility and Community Participation Among People Who 
Use Mobility Devices: A Scoping Review,” Archives of Rehabilitation Research and 
Clinical Translation, vol. 2, no. 1, pp. 100018–100018, Mar. 2020, doi: 
https://doi.org/10.1016/j.arrct.2019.100018. 

[18] J. Albright. “Systems and Methods for Providing Information Pertaining to Physical 
Infrastructure of a Building or Property,” US 20130205257A, Apr 25, 2017, 
https://patents.google.com/patent/US20130205257A1/en, Accessed Feb 26, 2024. 
[Online] 

[19] J. E. Beard et al. “Full Access Wheelchair,” US 5601302A, Sep 21, 1995, 
https://patents.google.com/patent/US5601302A/en, Accessed Feb 26, 2024. [Online] 

[20] D.E. Tedesco et al. “Methods for remote assistance of disabled persons having at 
least two remote individuals which receive different indications,” US 9202360B1, Feb 
11, 2014, https://patents.google.com/patent/US9202360B1/en, Accessed Feb 26, 2024. 
[Online 
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Appendix E: Design Studio Worksheets
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