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Figure 1: Collage of images showing the SolidWorks model of the cover and interior components of the 

hand warmer device (top left); the laser cut ABS sheet parts (top right); the cover forming 

manufacturing method (bottom left); and final product with cover, heating fan, and sleeve (bottom 

right).   



 

 

1) Problem Statement and Background 

Background 

People with muscular dystrophy experience a loss of muscle, which in turn decreases the extent 
of their mobility. Not only are people with muscular dystrophy often wheelchair bound, but 
their ability to move a power wheelchair is limited by their ability to move their hand. The loss 
in muscle also affects the ability for blood to circulate to the extremities. To promote 
circulation, heat can be applied to the hand. With heat and improved circulation, the muscles 
are easier to manipulate, leading to increased independence and a higher quality of life. This 
project was undertaken in collaboration with the Assistive Technologies Department at the 
Health Sciences Center in Winnipeg, Manitoba, Canada. A goal of the partnership was to make 
available a hand warmer to their clients at a deemed accessible cost range of $200-$300.     

Problem Statement 

Create a cost-effective device that maintains a comfortable hand temperature of a power-
wheelchair user with muscular dystrophy in Manitoba to improve their independence and 
comfort. The design should produce heat to promote circulation in the hand, which allows 
better control of muscles and, in turn, power-wheelchair control. 

Functional Requirements 

The following is a list of functional requirements for the device. Success in achieving these 
requirements will indicate the success of the device. 

- The device must create and contain heat for the client  
- The device should allow for temperature adjustments from 40 - 50 degrees Celsius 
- The device must have fail safes to prevent overheating or continuous heating over an 

excessive length of time 
- There must be an electrical fail safe 
- The device should not restrict the user’s movement at all 

Constraints 

The primary constraint to the design is the wellbeing of the user of the device. The device 
cannot restrict the user’s movement, meaning the device should not touch their hand.  

Another important constraint is the cost. Based on conversations with the Health Sciences 
Centre, the selling price of such a device should be no more than $200-$300, which is an 
acceptable range for most power wheelchair users. If the device is too expensive, no user will 
be able to afford to purchase it.  With this price range, an additional constraint is the cost and 
availability of materials and resources when it comes to manufacturing. While expensive 
materials may create a better design, the device must be affordable. 

The device is also constrained in that is must be compatible with existing wheelchairs. For this 
project, the device should be able to be mounted onto a standard Manitoba power wheelchair. 



 

 

The device is also limited by its power supply, whether that be an external battery or the 
wheelchair’s battery. If drawing off of the wheelchair battery, which is 24 VDC, power draw 
should be limited to about 7A to avoid draining the user’s battery throughout the day. In order 
to have an efficient system, the heat must also be prevented from escaping.  

A final constraint on the design is due to the weather in Manitoba. The device should be 
appropriately durable, ideally lasting for 2-3 years, which means it should be weather resistant. 
The cover should be able to withstand water and snow, for example.  

User Profile 

The primary users identified are adult males living with muscular dystrophy with limited 
mobility. The users have a power wheelchair with a lap tray which holds a joystick in the center, 
controlled by finger movements. The user’s mobility is limited due to temperature, and they 
have difficulty maintaining their body warmth. 

Profile of Environment 

For this project, the environment is Manitoba, Canada, where the temperature in winter may 
be as low as -40 degrees Celsius. In the winter, there is snow, ice, salt, sand, and dirt in the 
streets, and in the summer there can be rain and humidity. Roads and sidewalks may be 
uneven, creating vibrations in a wheelchair. 

Scope 

The scope of the project is to design, manufacture, and test a device that is capable of heating 
the user’s hand to a range of 40 to 50 degrees Celsius. This device should be incorporated with 
a standard power wheelchair in Manitoba, with dimensions and a weight small enough to be 
easily attached to the wheelchair. Power shall be supplied to the device from the wheelchair 
battery without consuming greater than 7 Amps. The design shall accommodate a user hand 
breadth of 70-105 mm and length of 160-210mm. The device should maintain its internal 
temperature while subject to the Manitoban climate. 

Quality Measures 

The following table shows desired qualities of the device and ways of testing to determine if the 
device has these qualities. 

  



 

 

Quality Measure Test Method 

How long it takes to heat, 
accuracy/precision of the 
temperature 

 Measure the time in seconds to reach 90% of the target 
temperature. 

Maintenance of 
temperature/ sensitivity        

Measure the temperature within the device while it is 
function. The temperature should stay within a ±2 degrees 
Celsius range. 

Comfort of user    The user may complete a survey or interview to share their 
opinion and comfort level. 

Ease of attachment  Time how long it takes to install the device on the wheelchair, 
and what tools are needed. Surveys or interviews can be 
conducted to collect the assistant’s opinion. 

Aesthetics  Surveys or interviews may be conducted to collect the 
opinions of the user. 

Durability  Attempt to scratch the outer surface to determine its 
durability against abrasions. Place the device in a vibration 
machine to determine its functionality on uneven surfaces. 
Track time usage and take note of how long the product lasts, 
considering how it was used.  

 

2) Method 

Our approach to the problem was to generate as many ideas as possible, and then evaluate 
them using a decision matrix. With the decision matrix, we were able to rank the solutions 
based on temperature efficiency, cost, feasibility, restriction to movement, safety, climate 
resistance, ease of attachment, and power requirements.  

The potential solutions that were generated for heat sources were: an infrared heat lamp, a 
parabolic heat dish, convection method, solar furnace, electric heating, induction coils, and a 
heater placed directly on the wheelchair joystick. All of these ideas incorporated a cover that 
would encompass the user’s hand, joystick, and the heat source.  

From the above ideas, the highest ranked solution was the convection method. The convection 
method with a hard cover was rated by our members to be the cheapest and most efficient at 



 

 

sustaining heat for the user. It is also safe and does not restrict any movements since it does 
not come in contact with the user. In addition, it does not require much power to function. 

3) Description of Final Approach and Design 

Electrical 

Our final approach uses a relay channel to help modulate the temperature between the ranges 
we seek. Using the Arduino, we are able to code certain “if” statements to help run the design. 
The code includes a range of temperatures to be within in order to function. In addition, the 
heat sensor works alongside the relay channel as a messenger to tell the relay channel to turn 
on or off.   

The design functions by relying on the fan and heater to circulate the hot air in the enclosed 
area. In this scenario, if the temperature sensor detects a temperature outside of the specified 
range, the relay will turn on and direct the required power to the fan and heater. Once the 
targeted temperature is reached, the relay interrupts the power to the fan and heater, shutting 
them off to stay within the targeted temperature range. This loop repeats continuously, giving a 
value between the required temperature. 

Since the arduino can only handle 5V, a step down feature is implemented to reduce a DC of 
24V to 5V for use by the arduino. The arduino is the main computer for the circuit as it directs 
the signals received via the temperature sensor and transmits them to the relay. 

The primary benefits of this design are that the relay is an inexpensive and efficient method to 
hold the temperature inside the hand warmer between preset boundaries, the code can be set 
for any temperature, and the use of a fan and a heater adequately provides a comfortable and 
safe heating solution. 

In future designs, a temperature controller unit would be implemented to remove the need to 
alter code. This would simplify the process of changing the desired internal temperature range 
in order to accommodate another person or changing conditions. 

Shell Cover 

The shell was manufactured using a ⅛ inch thick ABS plastic sheet. A template for the parts was 
made in SolidWorks, including an inner and outer cover, inner walls, and connecting pieces. 
These parts were then laser cut out of the ABS sheet.  

In order to bend the two covers into the proper shape, two positive molds were constructed 
out of wood. The ABS sheets were then heated and shaped over the molds to form the curved 
portions of the shell. Once the shell components were formed the external parts were joined 
together using MEK (Methyl Ethyl Ketone), while the internal parts were secured with L 
brackets, nuts, and bolts to allow them to be removed later. The seams in the shell were also 
joined with MEK and silicone for an airtight seal. These seams were then sanded to create a 
smooth surface.  



 

 

In future designs, the manufacturing of the shells can be simplified by creating positive and 
negative molds and using a vacuum forming process. This would also eliminate the need for 
sanding and improve the overall fit of the pieces since the products will already be smooth and 
a more accurate shape.  

The purpose of having two covers was to create a layer of air insulation around the hand 
warmer. The air pocket was designed to have a volume of approximately 2000 cubic cm, with 
the majority of the air pocket being 17 mm thick. Acting on a similar principle to double pane 
windows, adding the air pocket means two more heat exchanges need to occur between air 
and ABS for the heat to escape the hand warmer. This makes it more difficult for heat to escape 
the hand warmer, resulting in more heat being retained.  Further, since the thermal 
conductivity, k, of air is about 0.024 W/mK at 0 degrees Celsius, [1] this provides an additional 
layer of insulation between the two sheets of ABS plastic. In fact, air has a lower thermal 
conductivity than ABS plastic, which has a value of k = 0.17 W/mK at 23 degrees Celsius. [2]  

Attachment 

The attachments secure the shell cover to a wheelchair lap tray, enclose the device around the 
user’s arm, and mount the heating fan inside the cover. The base of the cover is open so that it 
may be placed over the wheelchair joystick. Thus, the cover must be attached directly to the 
user’s lap tray using hook and loop fasteners (velcro).  

To prevent the loss of heat at the opening for the user’s hand, a sleeve was attached to the 
cover, also using Velcro. To secure the sleeve around the user’s arm and retain heat, a 
drawstring was added to accommodate varying arm diameters and levels of comfort. To 
prevent heat loss through the hole in the tray to access the joystick, extra material used to 
create the sleeve closes the gap around the joystick. 

The heating fan was mounted on the inside of the device, so that it recycles warm air rather 
than try to heat cold outside air. The mounting wall for the fan has slots to allow air to pass 
without allowing the user’s fingers through, creating a safety barrier. The back wall of the cover 
is large enough to mount the electronics, keeping everything contained and protected within 
the shell.  

4) Outcome (Results of any outcomes testing and/or user feedback) 

Preliminary testing on our manufactured prototype and its components are discussed below. 
The temperature sensor utilized in the design has an operational range from -40℃ to 125℃, an 
accuracy of ±2℃, and a resolution of 0.1℃. The heater takes 120W of power. Based on initial 
tests, when set for an internal temperature of 26-30 degrees the heater takes approximately 30 
seconds to reach operating temperature and maintains the internal ambient temperature 
within the specified range. 

5) Cost (Cost to produce and expected pricing) 

It is noted that much of the materials or services used in the prototype were provided to us by 
the Assistive Technologies Department at the Health Sciences Center or the Rehabilitation 



 

 

Center for Children. This enabled us to minimize the cost of a first prototype. It should also be 
noted that upon further production, much of the costs will be minimized since production 
would be done by the Health Science Center - a non-profit organization - with the intent to 
keep costs to within the $200 - 300 range. Costing for a first prototype is tabulated below. 

Electrical Components Structure Components 

Step 
Down 

Relay Temperature 
Sensor 

Fan Laser 
Cutting  

L-Brackets  Attachment 
Sleeve 

ABS 

$14.89 $6.00 $25 $22.99 $4.00 $7.74 $10.49 $60.18 

These prices come to about $150, which is well below the acceptable price. 

6) Significance 

In 2015 there were approximately 794 cases of Duchenne's Muscular Dystrophy, the most 
common type of muscular dystrophy, among Canadian males.[3] Within Manitoba, there are 
more than 100 men who could benefit from this device.  

By creating an affordable and effective hand warming device, we are providing an accessible 
solution for an established problem experienced by many power-wheelchair users in cold 
climates. Keeping their hands warm and unencumbered by gloves, mitts, or blankets will 
increase their mobility and independence, which in turn improves mental health and quality of 
life. It also increases the usefulness of the wheelchair, which they may already own, but not be 
able to use to its full potential due to lack of control. 

In addition, making affordable assistive technology impacts the economy by removing the 
monopoly that currently exists with hand heating medical devices, which drives competitive 
pricing. 

Our product is significant to healthcare industry because our device can be modified to aid in 
many situations. For example, the shape of the shell can be changed to suit the hand position of 
the user. Due to the fast pace of medical innovation, new technology is very significant. 
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