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Background and Problem Statement 

Our client John is a middle-aged man with cerebral palsy. Cerebral palsy is a permanent 
neurological disorder which may affect movement, muscle control and coordination, motor skills, 
and oral motor function [1]. John uses an electric wheelchair to move, and communicates using a 
word board and hand gestures. John has friends who would like for him to visit their home, though 
their home is not currently wheelchair accessible. The only way for John to get inside is to be 
carried in. Once inside, he does not have access to his wheelchair, since it is too heavy to be carried 
in, and must sit in one location for the entirety of his visit. This process takes away his 
independence. 

There are many ramps available on the market that seemingly address the problem. A 
permanent, wheelchair accessible ramp cannot be built around the friends’ house because the 
residents do not want a permanent ramp installed, since the ramp would only be in use when John 
goes to visit. The residents also want to leave the space in the carport free, and a ramp that adheres 
to the Americans with Disabilities Act (ADA) regulations of 12 in. of ramp per 1 in. of incline 
would use up the available space [2]. Portable ramps can be unsafe and unstable as there is nothing 
holding the ramp in place, and can have extremely large incline angles due to their short length 
[3,4]. The ramp that John currently uses has an incline angle of 13˚, and he needs to climb a height 
of 18.5 in.  

The goal of this project was to create a ramp that can be easily moved out of the way and 
will allow the residents’ home to become safely accessible to people, such as our client, who use 
wheelchairs. The three main features of the device are that the user can get into and out of the 
house safely and stably, that the device is easy for staff to set up, use, and stow when done, and 
that device does not take up a lot of space, either when in use, or when stowed. 
 
Approach and Solutions Considered 

We went through three main ideas when considering the solution to this device. Our first 
idea consisted of building a portable ramp that focused on the stability of the client. We planned 
on ensuring the stability by using a spring and counter-weight mechanism that would balance our 
client on the ramp as he went up the ramp and into the house. The ramp itself would be a portable 
ramp, and could then be folded up and moved out the way. We discarded this idea because we 
realized it was not safe or stable enough for our purposes.  

For our second prototype, we considered using two track ramps that rest against the wall 
and provide enough space for the wheels on each side instead of one large ramp. These track ramps 
would be attached to metal pipes and could be slid in front of the doorway. They would be locked 
in with each other to provide additional stability. Each track ramp would then be flipped open such 
that our client could get on each of the ramps to enter the house. This idea was once again discarded 
due to the ramp itself not being stable enough, as well as the fact that the motor of our client’s 
wheelchair is too close to the wheels to allow two track ramps instead of one. 

Before we came up with our final design, we decided to create our own full-sized ramp out 
of pressure-treated wood, since using a metal ramp did not fit within our budget. At this point, we 
were considering staying with the idea of sliding the ramp across the doorway using a pipe or metal 
bar of some sort under the ramp, and then locking it in place. We realized that this could not be 



Darshana J., Kailani M. 
14 April, 2017 

2 
 

easily done because such a sliding mechanism would necessarily get in the way of the steps and 
cause problems for the residents of the house. Our final device, instead, is mounted on a barn-door 
mechanism that attaches above the door and allows the ramp to slide into and out of place. 
 
Final Design 

Our design consists of 3 main assemblies: the ramp, the winch set-up, and the sliding barn-
door mechanism. The device will remain at the side of the door when not in use. All figures are 
attached at the end of the document. 

 
1. The Ramp Assembly  

a. Ramp: The ramp consists of two pieces of 3’ x 4’ x 23/32” pressure treated plywood and 
is 8 feet long in total (fig. 1a). The angle of incline is approximately 11 degrees which is 
smaller than the current angle the client uses to enter his transport vehicle. The pressure-
treated wood was chosen to withstand the outdoor weather conditions that the device may 
encounter because it will be kept in the carport outside of the home. 

b. Side Panels: The ramp has four 2”x4”x4’ pressure treated side panels that are secured onto 
the edges of the ramp (fig. 1a). These side panels provide strength for the outer edges of 
the ramp. They also are a safe-guard to ensure that the user does not roll off the ramp. 
These safeguards were a key component that the client expressed a need for.  

c. Supports: The device has four supports (fig. 1a). All four pieces are made of pressure 
treated plywood. The two short supports are permanently attached to the top portion of the 
ramp. These two supports rest on the top step when the ramp is fully opened. The other 
two long supports are located closer to the floor and are rotary supports. They are attached 
using bolts allowing the user to easily rotate them in and out of the way. The four supports 
remove some of the stress on the barn-door mechanism and allow for extra safety for the 
user.  

d. Spring Hinges: The two pressure treated boards are attached by 4 spring hinges (fig. 1b). 
These spring hinges allow for the ramp to easily open and close. The pressure treated 
plywood is heavy so the springs allow the user to easily open the ramp when it is lowered 
by relieving tension.  

e. Wheels: The ramp has two wheels located at the end of it (fig. 2). The wheels allow the 
user to easily slide the ramp down when it is being lowered with the winch. The wheels 
can then be moved out of the way by kicking the wooden part up. This will cause the wheel 
to move up and off the ground. When lifting the ramp back up, the user will simply kick 
the wooden part down so that the wheels touch the floor.  

f. Lip: The ramp contains two hooks (fig. 3a) that allows for a smooth transition from the 
ramp to the inside of the house (fig. 3b). The hooks secure the ramp to the door frame and 
allow the edge of the ramp to perfectly align with the lip of the door frame. 
 

2. The Winch Set-Up 
a. Winch: The winch allows the user to manually move the ramp up and down. It can hold 

the weight of the ramp with a factor of safety of 10 (fig. 4a). The user moves the ramp up 
by rotating the handle clockwise. To move the ramp down, the user must lift the metal 
stopper and then rotate the handle counter-clockwise.  The winch must not be rotated all 
the way up. The cable has a blue marker indicating when to stop raising the device and a 
red marker showing when to stop lowering the device.  
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b. Pulley and Cable Assembly: The winch has a metal cable that is attached to a stationary 
and swivel pulley. They are attached to a carabiner, lag eye screw and a 2”x6”x3’ pressure 
treated plywood piece (fig. 4b). The cable comes down to another hook and carabiner 
which are attached to a chain that pulls the ramp up from the center (fig. 4c). To remove 
the chain, the user must simply unhook the metal hook from the lag eye screw and move 
the chain to the side and off the ramp. This set-up is used to easily lift and lower the ramp 
using minimal force.  
 

3. The Barn-Door Mechanism 
a. Barn-Door Piece: The barn-door piece (fig. 5a) is a very important part of this device. The 

piece attaches to the metal L brackets and the ramp. It allows the user to move the ramp in 
front of the door and to the side of the door. The wheels allow for easy movement and the 
metal bar is 8 feet long giving the user a lot of space to keep the device out of harm's way. 
The piece also is simple to use and allows the user to apply less force to move the device. 

b. Plastic Barn-Door Attachments: To keep the barn door piece from coming off the wall, we 
created plastic pieces to attach below the wheels of the barn-door piece (fig. 5b). These 
were machined to fit perfectly onto the barn door piece and do not allow the wheels to 
come off the long black metal bar. This is a vital component for the safety of the user.  

c. Metal L-brackets: The metal L-brackets were chosen due to their strength and versatility 
(fig. 4b). They provide an easy way to attach the barn door piece to the ramp. Their multiple 
holes also allowed for easy attachments of other components (winch, pulley and cable 
assembly, barn-door piece, etc.). The purpose of this piece was to allow for easy 
attachments.  

d. Latches: Although the ramp is safely in place using only the winch, we added two latches 
for additional safety (fig. 6a). These latches allow the ramp to be securely set up in an 
upright position on the L-brackets.  

e. Wooden Swinging Back-Bar: The wooden swinging back-bar (fig. 6b) keeps the ramp from 
digging into the doorframe and rest it in front of the door. It is held up using a latch when 
it is not in use. When it is in use, it is held up to the proper height by another wooden piece 
attached to the walls surrounding the door frame. 

 
Outcomes - Testing and User Feedback 
 During the design process, each part of the device went through a lot of internal testing to 
ensure safety, and that the device met the design specifications for our product. The device was 
fine-tuned in response to these tests. The main outcomes that we needed to ensure for the device 
were that the device was safe and stable. In other words, the device should be able to withstand 
the weight of the client and his wheelchair with a factor of safety of two; and the device should 
not move when in use.  
 To ensure that the device met our weight constraints, we added the side panels and side 
supports to the ramp. We then tested the ramp by itself and attached to the barn-door mechanism 
in several ways, including having five students stand on the device (totaling over 700 lbs.) and 
having students bounce quickly while on the device. The ramp passed all internal weight tests. 
 To ensure that the device did not move while in use, we added hooks that tether the ramp 
to the wall. We tested the ramp by trying to move and shift the ramp while the equivalent weight 
of our client and his wheelchair was on the ramp. The ramp succeeded these tests as well. 



Darshana J., Kailani M. 
14 April, 2017 

4 
 

Aside from testing the device internally, we tested our device with our client and his 
assistant. First, we taught the assistant how to set up and stow the device step by step. Then we 
asked the assistant to set up and stow the device several times. We also tested our client going up 
and down the ramp to ensure safety and stability.  We then gave the client and his assistant a survey 
asking questions about safety, stability, ease of use, and overall satisfaction (survey values from 
1-5). Overall, the client and his assistant were happy with device and gave us all 5’s on our survey.  
 
Cost 

We were allocated $300 for this project, and the total cost of building our device was 
approximately $259. The main components that featured into the cost are as follows: 

• Barn-door mechanism - $59 
• Pressure-treated wood - $77 
• Nuts and Bolts - $30 
• Hinges - $45 
• Winch - $23 
• Hooks, carabiners, pulleys, and eyelets - $25 

 
We expect that the device would be priced at $1000 which would include the cost of re-

creating the device, labor costs and installation.  
 
Significance 

We expect this device to be crucial in helping people who use wheelchairs access homes 
that were previously inaccessible. Because the device easily moves out of the way, it would not 
interfere with the regular workings of a non-accessible home. However, people who use 
wheelchairs, and other people with disabilities related to mobility would be able to visit these 
homes when desired. The device can also be installed in the garage or home of someone with a 
disability, provided that they have an assistant who can help them set up and take down the device. 
This would be a more cost effective, but still safe and stable way for people who have movement-
related disabilities to enter and exit their own homes, especially if they do not have the space to 
set up a permanent ramp, or do not want to use the space they have available for that purpose. 
Based on the people we have spoken with who use wheelchairs, this device is sorely needed and 
would have a noticeable impact if commercially available.  
 

 
Figure 1: (a) Wooden ramp with side bars and two of four supports; (b) Spring hinges under 

ramp 
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Figure 2: Wheels at bottom of ramp. 

 

    
Figure 3: (a) Hook used to tether ramp to wall; (b) Transition from ramp to door 

 

     
Figure 4: (a) Winch in locked position; (b) Pulley and cable assembly showing metal L-brackets 

on either side; (c) Cable attachment to ramp 
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Figure 5: (a) Barn-door mechanism; (b) HDPE piece attached to back of metal bar under wheels 

 

     
Figure 6: (a) Latches on side of ramp; (b) Wooden back bar; latched in place 
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