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Problem Statement
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Modern wheelchair lack multiple modes of 
propulsion; currently models mostly focus on 

moving wheels using wrist motion. Causes 
repetitive stress injuries and suboptimal 

propulsion modes. 

• How to prevent injury to wrist from 
repetitive stress?

• How to allow users to climb slopes better?
• How to make wheelchair use for novice 

individuals easier?

Consider...



Function Block Diagram
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Function Block Diagram - Provide overview of product’s functions to address and/or consider



1. Energy Equation Used to Compute power in 
vs. Power out

2. Static & Kinematics equations used to 
calculate the acceleration of the system and 
the distance travelled 

Physics Development
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Requirements

Voice of the customer needs

Better propulsion efficiency

Gear Reduction

Compactable

Lighter weight

Durable

Safety

Requirements

Propulsion Efficiency

2x effective for trans

Usability

Durability

Tip angle

Lever Optimization

Weighs less than 10lb
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Key Milestones

Wheelchair donation Left side drive Major design modification



Conceptual Design

8

Model 3221-ccc Model 1131-ccc

Model 3231-ccc



Preliminary Design
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*Lever system has 
adjustable speeds 
based on gearing. The 
handle is hollow to 
have the wiring go 
through

Coupler

Lever
Assembly

Disengagement



Detailed Design

10



Final Prototype
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Failure Mode Effect Analysis (FMEA)
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Failure Mode Effect Analysis (FMEA)
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Problem: 

● Conceptual design phase
● Determined current common internal hubs only work in one (1) direction

Problem Solving Example
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        #1: Accommodating 
Traditional Hubs; Re-design of left 
side with multiple gears

           #2: Research specifications 
for different hubs to integrate into 
design

         #3: Design entirely new 

internal hub

Pro: Cheap; Available variety Pros: continuing forward with 
design determined

Pros: extensive application of design 
skills

Con: Timing affecting fabrication & 
re-designing

Con: Expensive; Adjusted 
accordingly

Con: amount of time; complexity of 
solution; level considered a whole 
other capstone project



Example Testing: Proof of Concept
Propulsion Efficiency: 
Testing the Efficiency of Power in 
(Calories) to Power (Out) - Watts Produced 
– POC Completed
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Example Testing: 
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Propulsion Efficiency: 
Testing the Efficiency of Power in 
(Calories) to Power (Out) - Watts Produced 
– In process  Grand 

Population 1 2 3 4 5

Mean 0.034076663 0.046591 0.017827 0.0391722 0.0537143 0.01307762
5

STDDev 0.027224142 0.041356 0.018350 0.013826 0.012902 0.00527

 



Modern Tools
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ANSYS and Solid Works



Modern Tools
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➢ Mill
➢ Lathe
➢ Welding

Manufacturing 



Modern Tools
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➢ SolidWorks (CAD)
➢ AutoDesk Fusion (CAD)
➢ Autodesk CAM tools (CAM)

Fusion 360 and Tormach (CNC machine)



Validation 

20

No. Requirement Method of Validation Testing Validation Status

1a Propulsion Efficiency ≈ 20% Hand Calculations Use Engineering Equations Complete

1b Propulsion Efficiency ≈ 20% Physical Testing Heart beat and Caloric usage vs Energy Input Incomplete

1c Propulsion Efficiency POC Physical Testing Elliptical Lever Test Complete

2a New design is 2x as effective for 
transportation

Hand Calculations Use Engineering Equations 1:1 Complete

2b New design is 2x as effective for 
transportation

Hand Calculations Use Engineering Equations for Hub specific Complete

2c New design is 2x as effective for 
transportation

Physical Testing Slope-Multiplier Loading Test *Removed

3 Usability and Everyday Use Physical Testing Functional Testing in a Building and Class 
environment

Complete



Validation cont.
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4a Durability and Strength ANSYS Load to last 50,000 cycles Complete
(Axel-fails)

4b Durability and Strength ANSYS Withstand 300N force applied to Lever Complete

4c Durability and Strength ANSYS Withstand 200 lbs. Sitting Complete (100 lbs.)

5a Tip and Tilt Measure Solid Works Find Center of Mass and Angle from vertical Complete

5b Tip and Tilt Measure Physical Testing Tipping Angle Test as mentioned in ISO 7176-1 Complete

6 Lever Optimization Test Physical Testing Member Test Cases for comfort Complete

7 Remain Under Budget > $600 Final Receipts (none) Complete
($698.17)

8a Physical product less than 10 lbs. Solid Works Weight Feature Complete

8b Physical product less than 10 lbs. Physical Testing Weigh the prototype Complete
(9.834 lbs.)
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Performance



Lessons Learned
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• Time Management

• Communication

• Manufacturing Techniques

• Testing Development



Summary
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Questions?

● Problem Statement

● Project Planning

● Design

● Testing

● Manufacturing

● Project Management


