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Abstract - Mobility has always been highly valued but autonomy in this area is impaired by disability of one form or the 
other.This paper focuses on a prototype model of an automated wheelchair that can traverse architectural barriers such as 
stairs and curbs. There are some notable modifications included in this prototype, which are: 

(i) Simpler and more coherent delta wheel mechanism for climbing stairs 
(ii) Economically feasible design 
(iii) A piston-adjustable reclining seat mechanism for accessing ATM’s and other higher grounds 

The main idea behind the project is to provide a low cost stair-curb climbing wheelchair in order to enhance mobility for the 
disabled. The paper also contains our proposed design and specifications of the components used in the making. 
 
Index Terms - Stair climbing wheelchair, Delta wheel mechanism, Pneumatic circuit 
 
I. INTRODUCTION 
 
A civilized society guarantees living conditions fairly 
to the citizens, but in many cases it falls short in 
providing accessible living conditions to the disabled. 
Architectural barriers contribute mainly to this issue 
as many stairs and curbs are not seen as pathways but 
as obstacles by the disabled. Mobility thus arises as a 
major and a very common problem for the society 
and even though power wheelchairs have been 
introduced, when confronted with architectural 
barriers it renders useless, hence for the same reasons 
a variety of stair climbing wheelchair ideas have 
developed.  
Power wheelchairs provide ease of use for the 
disabled but these also consume a lot of energy and 
are usually found to be heavy, bulky and dangerous 
when it comes to traversing stairs due to slippage 
while steering. Other designs include track systems 
but it still doesn’t solve issues faced by the disabled. 
Some expensive solutions include iBots which utilize 
hybrid locomotive systems to achieve safety; even 
though this is lighter than wheel-track mechanism 
wheelchair systems, the use of a large number of 

actuators end up increasing the cost and complexity 
of the wheelchair. 
Other solutions to the problems that arise due to 
accessibility can be resolved by making use of either 
fixed or mobile stair lifts, but these require additional 
devices that may or may not be available easily.There 
also persists a significant gap between the abilities of 
any wheelchair user and that of an average able 
human being and must be considered while stair 
climbing. 
Since commercially available wheelchairs often don’t 
have the ability to traverse stairs and curbs, this paper 
looks into a proposal that designs and suggests the 
fabrication of a modified wheelchair prototype that 
has the capability to traverse stairs and curbs and 
other unstructured environments. Instead of the 
normal wheels, a delta wheel system is used and is 
controlled by a central sprocket. The three wheels fall 
in an epicycloidal setup and are powered at the front 
ends. The seat is also modified in order to prevent 
toppling of the system by tilting the seat according to 
the motion of the wheelchairsetup. The advancing 
motion occurs with two of the three delta wheels in 
contact with the floor and once they come in contact

with an obstacle such as a curb or a stair, the wheel in 
contact is denied rotation due to friction and the 
entire system rotates along the axis of the central 
sprocket to ascend the curb or stair. The rear wheels 
are not powered as it could increase the slippage of 
the entire system during locomotion. The entire 
system is designed keeping in mind the economic 
feasibility, functionality and safety of the user and to 
minimise mobility issues for the disabled. 
 
II. WHAT IS NEW IN THE PROTOTYPE 
 
The model has two pneumatic actuators employed 
under the seat which is used for backward and 

forward tilt while traversing through the architectural 
barriers and also for accessing higher places. It also 
consists of a delta wheel system which aids in 
locomotion of the wheel chair. The delta wheel 
system brings out more friction and stability between 
the wheels which propels the wheelchair forward.   
 
III. SCOPE FOR FUTURE WORK 
 
The current proposed prototype model can be 
modified to attain maximum functionality by using a 
high rated motor, improved wheel system and more 
number of higher specification actuators for the 
seating mechanism. By increasing the number of 
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pneumatic actuators it will be able to withstand more 
load on the seat, though this will increase the 
complexity of the pneumatic circuit, the loading 
capacity can be highly increased. The current 
prototype was made, kept in mind the Indian standard 
stair and curbs sizes, being a model that is dependent 
on the varying sizes of the barriers; it can be found 
that varying the wheel sizes according to the standard 
sizes at the location of use can provide accessibility 
for various stair sizes. 
 
IV. LOCOMOTIVE UNIT 
 
The idea proposed here talks about a light weight and 
a less expensive stair climbing mechanism for a 
wheelchair. It can be said to be a hybrid mechanism 
using a delta wheel system which employs one motor 
for each wheel system to provide locomotive motion-
advancing and climbing motion. The delta wheels 
consist of three orbital wheels with only two of the 
three in contact with the floor during advancing 
motion and have traction. The wheelchair has 2 
modes, and it passively adapts to both: advancing and 
climbing modes. The advancing mode being the 
wheelchair traversing along a flat surface and 
climbing mode when an obstacle comes in contact 
with the wheels. During advancing mode, the 
wheelchair traverses flat, downhill or uphill surface 
and the delta wheel system rotates freely around the 
central shaft. The wheels can be propelled by either 
gears and belts or by using a planetary gear system 
(star wheels using a sun gear, idle gears and planetary 
gears). To keep the wheelchair economically feasible, 
a chain system is chosen as it highly reduces the 
manufacturing costs. 

 
Fig 1: Advancing and Climbing motion 

The delta wheel system and the wheel specification 
depend on the size of the architectural barriers taken 
into consideration, for example the standard step and 
curb sizes. The standard step and curb sizes in India 
are 15-17cm high and 27-29cm long, the only 
limitation that the system faces with a delta wheel 
mechanism is that of varying step sizes as the 
distance between the orbital wheels and the wheel 
axes are fixed while being fabricated. When an 
obstacle comes in contact with the wheel system, the 
motor torque causes the entire wheel system to rotate 

on the axis on the wheel which now has limited 
rotation. 

 
 

Fig 2: Delta wheel climbing motion 

The chassis must provide enough support to include 
the batteries, wheel systems, motors and the tilting 
mechanism. During climbing operations the wheel 
chair must move backward in order for the wheel 
chair for not turning over and for maintaining a 
comfortable position for the individual. While 
climbing the stairs, the wheel chair moves up and 
down the stairs and keeping the seat in backrest 
positionaccording to the individual’s comfort in the 
direction of the stairs, i.e. when the wheelchair 
climbsin ascending direction it travels in reverse 
motion. 
 

 
Fig 3: Fabricated delta wheel system 

V. SEATING MECHANISM 
 
Seat Mechanism involves the attachment of the wheel 
chair in which the seat is used to recline while 
climbing the stairs up and down. Two pneumatic 
actuators are used in the front and rear part of the 
wheel system which are supported by hinges in which 
the seat is used to raise itself according to the 
individual’s choice for ATM access and other 
purposes such as climbing stairs up and down. They 
are powered by a 12v, 10psi compressor and 
connected via 5/2 valve switches. While ascending 
the stairs the first actuator is actuated which allows 
the seat to recline to the back and provides comfort 
for the individual and the reverse happens while 
descending the stairs, i.e. while coming down the 

16cm 

27cm 
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stairs, the second actuator is actuated and it reclines 
the seat to move forward. Thus the position of the 
actuators one and two are placed according to seat 
ergonomics and force distribution on the seat. Based 
on several calculations and the force acting on the 
seat the actuators are placed in their respective 
positions. 
 
VI. PNEUMATIC CIRCUIT OF SEATING 
MECHANISM 
 
The entire tilting seat mechanism is controlled using a 
pneumatic circuit. There are 2 pneumatic cylinders 
used in the prototype that actuate and provide the 
tilting motion of the seat, both backward and forward. 
The cylinders have been placed in two positions that 
provide adequate tilt for the seats. The first cylinder 
being placed towards the front of the seat and the 
second towards the rear end of the seat can provide 
forward tilt, backward tilt and also an upward lift if 
actuated together to allow the user access higher areas 
that are usually out of reach for the wheelchair user. 
The entire circuit comprises of 2 sets of pilot valve 
5/2 (two positions five ways), 2 unit of double acting 
mini-cylinders that are attached to the frame and the 
wheelchair seat.  

 
Fig 4: Pneumatic circuit 

 
The cylinders were chosen according to the weight 
and the feasibility of the prototype, the cylinders did 
not require to carry more than 10kg load for the 
prototype and hence cylinders with a maximum 
operating pressure of 10 bar was chosen. Theoretical 
Force (Push or Extend) for a given cylinder is 
computed from the following expression:  
F= (π × D2 × P) / 4 
where F is the force in N, D is the bore diameter in 
mm, P is the air pressure in MPa. Knowing the 
pressure of the compressor being 10 bar (1.0MPa), 
and the maximum pressure in the cylinder being 10 
bar (1MPa), diameter of the bore of 20mm, the 
calculated force was found out to 314.16 N. 
 
A compressor of maximum pressure 150 psi has been 
selected for use for the cylinders that are of 
specifications (20mm bore and 100mm stroke with a 
maximum operating pressure of 10 bar). 
 
 

CONCLUSION 
 
We could conclude that a user friendly wheel chair 
according to standard sizes and dimensions in India is 
implemented to face the architectural barriers. By 
using a delta wheel system, it brings out more ease in 
the movement of the wheel chair in order to traverse 
stairs. By this mechanism, it develops the wheel chair 
to be safer and less complex. The passenger position 
can be adjusted according to the person’s interest. It 
also helps the individual to travel without the need of 
a helper. By proper calculations, the wheels, frame 
and the mechanism of the brakes are set. The 
prototype has been developed using Solid Edge 
software. The cost of the wheel chair is suited more 
for the middle class people. While comparing to other 
stair climbing wheel chairs, this wheel chair is able to 
move on rough terrains and climb stairs(16*30cm). 
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