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Abstract—This document outlines the principles utilized in the 
design of a lever operated motion mechanic for a wheelchair. A 
lever attachment adds an additional method for propelling a 
user operated wheelchair with less applied force. 
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I.  INTRODUCTION  
Technology  with regards to wheelchairs hasn’t changed 

much over the course of several years. Quickie wheelchairs 
have become the most popular model of wheelchair across the 
young generation of wheelchair users. This generation of 
users will want to go to more places than the standard chair is 
currently capable of. A lever assisted motion mechanism can 
make this possible. One main drawback of the current design 
of a wheelchair is the method of motion. By reaching to the 
outside of the chair, the user is utilizing a weak muscle group 
repeatedly to make the chair move. This cyclical motion wears 
the operator out in a concise period of time. The rate of 
exhaustion is exponentially increased when the terrain 
becomes rough. The solution to the problems mentioned 
above lies in transferring the load of the chair and the 
operator’s weight to a more dominant muscle group, namely 
the bicep and pectorals. The most efficient resolution is a lever 
extending upward from the wheel axle and parallel to the users 
arm extended perpendicular from the body.  

II. ENHANCED MOBILITY 
To achieve a higher level of maneuverability the lever is 

built into the armrest of the chair complete with a joint that 
folds the arm into the 90° position for stationary use as shown 
in Figure 1.  

 

 

The first action the user needs to complete to move the 
chair is to squeeze a lever similar to the brake handle to engage 
the grip arm to the pulley wheel, similar to gripping the outer 
rim of the wheel to move the chair. After the grip is established 
on the pulley wheel, the user can move the chair by pushing 
perpendicular to their bodies.  
 
 

A. Equations 
The first engineering principle at play is the moment 

equation for force applied at a distance (Equation 1),  
 

M=Fd.  (1) 
 

 
Where M indicates moment, F indicates force and d shows 

distance to the center of rotation or in this case, the axle. 
Because the wheelchair’s new lever arm will extend a distance 
50% larger than the outer rim of the wheel, the value of 
applied force will be greatly reduced. A low value of means a 
lower rate of exhaustion for the user. The low force value 
works in conjunction with the larger muscle group and makes 
for an overall much more comfortable user experience.  

 
The gripping mechanism provides an additional function 

to the chair which is braking. A critical factor in braking is 
stopping distance which is calculated with Equation 2. 
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Using general wheelchair speeds and average mass values, 
an average stopping distance of 1.8ft was established for 
this chair configuration. 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 2. Isolated lever view. 
 

Figure 1. Side view of the chair in operation. 



III. MATERIALS 
The optimal material for the lever would be alloy steel or 

a material that can withstand a lot of wear and has a high yield 
strength, but this material is mainly reserved for high power 
transfer. The lever can be expected to have a small to average 
power transfer, so the material that is practical for the lever 
would be a soft metal like aluminum or bronze. Aluminum 
alloys are widely used in manufacturing when a light weight, 
moderate strength and corrosive resistant material is used. 
6061 aluminum alloy is one of the most common aluminum 
alloys used for engineering, it has an ultimate tensile strength 
of about 42000 psi and works best with this design. 6061 
aluminum alloy is mainly composed of aluminum but is mixed 
with elements such as magnesium, silicon, iron, copper, 
manganese, chromium, zinc, titanium, and other materials that 
make up a very small percent of the alloy. 

IV. PROTOTYPE TESTING 

A. Prototype 1 (Ratchet)  
Going into the Prototyping stage of this project was a big 

tuning point. The team initially began this project with a 
ratchet like design the made of wood. The ratchet would 
interface with the spokes of the wheel and connect to our 
center brackets of aluminum. The pawl (ratcheting 
mechanism) for this ratchet design would then be kept in 
tension against the gear with springs that connects to the 
housing. The housing hade a telescopic connection with the 
collapsible lever. It was soon discovered, however, with this 
design the shifting would be the most difficult part of this 
project. During this stage in the design the shifting mechanism 
had to be redesigned in order for the wheelchair to move 
forwards and reverse. 

 

 
Figure 3. Ratchet prototype. 

B. Prototype 2 (Pully and Belt)  
After rethinking the shifting mechanism, the team came up 

with a new design that would help with the shifting. The team 
developed a new prototype with a belt and a pully. The belt 
looped around the pully and tightened depending on how the 
bracket was tilting. The bracket connected both ends of the V-
belt and could tilt about its center. This tilt would create 
different tension points depending on its angle. The idea came 
from a tension wrench for an oil filter. Although this was a 
new design the problem still lied with the shifting. In theory it 

worked, however, with the resources at hand it could not 
produce the outcome needed to shift the bracket. 

C. Prototype 3 (Clamp Design)  
The final design was a clamp like mechanism that would 

use the belt and pully from our previous design. The belt was 
cut into strips and placed in a “C” shaped piece of aluminum. 
It would then tighten by a cable, closing the “C” shaped clamp 
causing there to me more surface contact between the pully 
and V-belt. The cable would be engaged by a lever at the 
user’s hand towards the end of the collapsible levers.  
 

 
   Figure 4. Finished schematic.. 

 

V. WEAR AND MAINTNANCE 
The wear on this system will mainly come from the 

band. In the best case the band lining would be sold 
separately as needed. The replacement of the belt could be 
done easily by the user with little to no help. Another area 
for wear would be the hinge that allows the lever to bend 
90 degrees. The hinge would be used constantly and since 
the components of the hinge are small, they are likely to 
wear more. Also, a bike brake that will be used the most to 
engage the cable at every push, little to no maintenance will 
be needed for the brake handle.  

VI. CONCLUSIONS 
A new lever wheelchair allows a user a more 

complete experience by permitting them to go farther and to 
more locations. This inexpensive attachment will be 
available to any customer at any time to act as an upgrade to 
their existing chair. Most EMW options are available only 
with the purchase of an entire chair making this option by 
far the most economic choice.  

 


