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Problem Statement: 

According to the National Spinal Cord Injury Statistical Center (2017), the number of 

people living with a SCI in the United States is estimated to be approximately 285,000 [1].  This 

number is estimated to grow as survival rates following traumatic injuries such as spinal cord 

injury (SCI) continue to rise due to recent advancements in technology, rapid emergency 

response, and increased understanding of spinal cord injuries. [2]   

The spinal cord is the major channel through which motor and sensory information 

travels between the brain and the body. [3] A SCI interrupts the communication of this 

information between the brain and parts of the body. Although presentations vary depending on 

the level and type of injury, many individuals with a SCI will have decreased mobility, sensation, 

and function of the affected body parts. In particular, individuals with a SCI between levels C5-

T1 will have variation in their upper extremity function. [4] For example, an individual with a 

complete SCI at level C6 will have intact head movement, neck movement, and elbow flexion, 

but may or may not have wrist extension. It is unlikely that this person will demonstrate active 

elbow extension, finger flexion, or finger abduction/adduction.  

Individuals with loss of hand and wrist function may face challenges with independent 

engagement in meaningful activities at home and in the community. [5] Assistive devices that 

utilize remaining upper body function can be useful in increasing a person’s overall 

independence, but there is much room for further development to increase the usability of such 

products. One barrier to independence is an individual’s ability to autonomously use a 

wheelchair lap tray to assist in daily activities such as self-care, work, and technology use. 

Specifically, many people with a SCI are unable to autonomously complete the actions of putting 

in place, removing, and/or stowing a wheelchair tray. This limitation can escalate an individual’s 

need for caregiver assistance and decrease their overall quality of life. 

 Currently, there are two main types of wheelchair trays on the market: full-trays and 

half-trays. Each of these trays involves different mechanisms for management and therefore 

requires differing functional abilities.  

Full-trays are completely removed and stowed away from the wheelchair when not in 

use; they utilize clips, hooks, clamps, or other mechanisms in order to stay secure on the armrests 

once attached. Therefore, the individual must possess significant upper body ROM, strength, and 

grasp in order to pick up and relocate the tray. In addition, they require manual dexterity and 

pincer grasp to manage the clip, hook, or clamping mechanism. In particular, these trays are not 

conducive for use by individuals with C6/C7 SCI’s.   

Half-trays connect to one arm-rest, and they drop down to the side of the wheelchair 

when not in use. This mechanism only requires gross grasp and elbow flexion to put in place, but 

may require controlled elbow extension in order to return to stowed position. These functions 

could be feasible for individuals with C6/C7 SCI, but the person would most likely still require 

assistance to operate the tray. Additionally, when in the stowed position, these trays often 

increase the width of the chair making it difficult to move through tight spaces at home and in 

the community.   



   
 

   
 

The scope of this assistive device will focus on individuals with limited upper extremity 

function due to a complete SCI at neurological level C6/C7, or individuals who present similarly. 

The exact level of function will vary based on several factors, such as upper body strength, but 

the scope of the problem is simplified to the upper body functions most likely to be intact and 

impaired at the C6/C7 level injury. The scope of the project involves individuals who primarily 

use a power wheelchair for mobility, excluding manual wheelchair users.  

Many individuals have yet to independently use a wheelchair tray. The availability of 

half/full trays currently presents a significant gap for individuals with function at the C6/C7 

neurological level. These individuals have strengths in functioning that would allow them to 

independently use, stow, and put-in-place a wheelchair tray, if only that product was available to 

the general public. 

Methods/Approach/Solutions Considered: 

The process of finding a solution for the aforementioned problem statement first involved 

developing design objectives. When considering the above problem statement, the following list 

of objectives were derived listed in order of importance from most to least important: 

1. The tray must be actuatable by a user with C6-C7 SCI without the need for assistance. 

2. The device will not cause discomfort or injury to the user. 

3. When in-use or stowed, the wheelchair tray will not increase the overall width of the 

wheelchair. 

4. The tray should be adaptable to fit multiple wheelchair makes and models to ensure 

accessibility. 

5. The tray will be reliable enough to have a product lifetime of at least 2 years. 

6. The cost of this device will be less than or equal to $300 to the user to ensure product 

accessibility. 

7. The device will possess an adequate amount of surface area. 

8. The tray should support a reasonable amount of weight to support common tray items. 

9. The device should not be excessively heavy. 

These design objectives as well as a basic list of engineering functions were then 

exploited in order to generate roughly 90 concept sketches and 5 functional mockups. These 

concepts covered almost every aspect of the design and included mounting fixtures, tray 

actuation/stowage mechanisms, assistive attachments, and functionally nice-to-have components. 

These concepts were then screened through analyzing their feasibility and usability. This process 

narrowed the total number of concepts available which helped to focus the design space of the 

project. These concepts where then used in conjunction with the functional and objective 

requirements to create 3 implementable designs. These designs were then scored based on their 

expected ability to achieve the design objectives and a final design was chosen based on this 

scoring. 

 

 



   
 

   
 

Description of Final Design: 

The final chosen design concept involved mounting the tray to the base of the wheelchair, 

where the tray is guided along a track cut into a cylindrical tube that moves from a stowed 

position under the armrest, to an in use position. The tray is guided by a rod that is attached to a 

slug that can move and rotate inside the cylinder. These tracks allow the tray to rotate 

horizontally and move vertically to transition between the stowed and use position. The cylinder 

itself is attached to the wheelchair using a clamp on the base of a powered wheelchair. This 

clamp is nearly universal and accommodates a variety of wheelchair dimensions. This design 

also includes a spring inside the cylinder and an arm loop on the tray that would assist the user in 

pulling the tray up from the stowed position. On the top portion where the tray would be in use, 

the slot dips downward to better secure the tray. On the bottom portion where the tray is in stow, 

the slot has an upward portion where the spring would lock the tray into place and avoid 

unintended actuations. The rod that moves along the track has a rectangular geometry to ensure 

that the tray is at a fixed angle when in use and stow. The rod will not be able to rotate inside the 

likewise rectangular track. The spring itself will be chosen to have a spring constant to allow for 

an appropriate amount of assistance in raising the tray up through the slot. Figure 1 shows a 

closeup of the proposed tray mechanism. Figure 2 shows this final design while in the use (a) and 

stowed (b) position. 

 

Figure 1: Slot Mechanism 

 



   
 

   
 

 

Figure Y2: Tuck-Away Tray while (a) in use configuration and (b) stowed configuration 

Outcome (Results of any outcomes tests and/or user feedback): 

As mentioned earlier, two of the most important objectives for the device include being 

able to sustain weight and to be usable by an individual with SCI. Two tests have been 

performed that aimed at quantifying the proposed design's performance on these areas. 

One test involved the use of a force gauge to measure how much force is required to 

actuate the tray. Due to mechanical issues with the spring, it was removed from the prototype 

during testing. This results in the user actuating the tray without additional mechanical advantage 

provided by the spring and will be somewhat of a worse-case-scenario when considering the total 

amount of force required to lift the tray. 5 maximum force measurements were taken for each 

major motion in tray actuation (in which there are 4) resulting in a total of 20 measurements. The 

two highest forces required were 3.76lbf and 3.52lbf involved with lifting the tray out of the use 

position and lifting the tray from stowed position to the use position respectively. This test shows 

good adherence to the team's design objective of an actuation force of less than 5lbf and is taken 

to be a great advantage when considering the designs overall usability.  

Another test involved the use of ANSYS to simulate the design's response to loading. 

Both the rod with the slot and the tray surface material were subjected to a 25lbf loading (another 

design objective) and given their results, neither are expected to fail under nominal loading 

scenarios. This conclusion was reached as the yield stress of each material was not exceeded in 

either of the cases. The maximum deflection expected for the rod with the slot was predicted to 

be 0.00583 in which is an acceptably small value. The deflection of the tray surface largely 

depended upon applied boundary conditions and was difficult to conclusively find. It is fair to 

say that the deflection of the tray must be monitored as large enough deflections will cause the 

tray surface to break. With that being said, it is not expected that the tray would experience large 

deflections under normal loading situations. 



   
 

   
 

Clinical testing is currently underway which involves having users with upper limb 

impairment interact with the design and give feedback on their experience. Results from these 

tests will be used to again evaluate the design with special emphasis on the usability and safety 

of the product.  

Cost: 

The cost of production is presented in Table 1 below. 

Table 1: Component Cost Estimate 

Component Price Component Price 

Steel Pipe $18.73  Steel Pipe Cap $0.12  

Tray Surface $9.98  Acrylic Buffer $4.88  

Slug $7.06  Nylon Spacers $1.00  

Spring $2.31  Strap $0.90  

Various Fasteners 
$4.04  Rubber Tray 

Surface 
$16.94  

Steel Rod In Slug $9.00 Spring Cap $0.10 

Mount Assembly $94.95    

Total   $170.00 

This brings the total cost of materials of $170. Having said this, it is important to note 

that the mount used for this design is rather expensive and was purchased for convenience only. 

This component could be designed with cheaper and more sturdy materials, which would reduce 

the cost of the overall assembly even further. With this in mind, the design objective customer 

cost that was set for this product was roughly $300, which is feasible with the given design. 

Depending on manufacturing and appropriate profit margin inclusion, this may push the final 

price upwards to $400. The intent of this design was to be simple and inexpensive to ensure 

access to as many consumers as possible. 

Significance: 

There are three main motivations for the need for this new wheelchair tray and they are 

listed and discussed below. 

Motivation 1 – There is an overall lack of available products that allow the user to self-

actuate/stow the wheelchair tray without increasing the overall size of the wheelchair. 

When considering existing products, there are limited products in the market that 

accommodate SCI patients who use power wheelchairs. A new product meeting this need has the 

potential to be very marketable. 

Motivation 2 – The products that are remotely similar are very complicated and 

expensive. 



   
 

   
 

Products that are remotely similar to the proposed new device typically require very 

complicated mounting apparatuses and can cost upwards of a thousand dollars. Having a device 

that would be simple and relatively inexpensive would again entice costumers towards 

purchasing a new device. 

Motivation 3 – Such a product would drastically increase quality of life for individuals 

who use a power wheelchair. 

Being able to independently actuate such a fundamental tool would increase the overall 

quality of life of the user by allowing them to more independently participate in hobbies, work, 

and technology use. 
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