
 

 

Design Brief 

AutoFly-X Chair: more autonomy for the flight experience through an  
innovative aisle chair 

Problem Statement/Research Question and Background 

In recent years, mobility has been attracting growing attention, as social relations get 
more dynamic and it becomes increasingly easier to fly across long distances. As a 
consequence, many innovations and improvements have reached the air travel market 
since then, allowing more and more people to travel for a lower price. In Brazil, for 
example, the number of domestic flights grew 40% between 2002 and 2014, while the 
number of domestic flight passengers grew 300% in the same period [1] —totalizing 85 
million domestic flight passengers in 2012 [2]. 

However, although air travel has become more accessible to most people, it can be a 
very tough experience for those with reduced mobility or physical disabilities, due to 
aircrafts’ many physical constraints. For this reason, passengers with reduced mobility or 
disability often have a challenging journey throughout the entire flight experience [3,4,5]. 
Due to the narrow aircraft aisles, not fitting a standard wheelchair, wheelchair users must 
frequently be transferred – usually carried by the aircraft crew – from their wheelchair 
onto an aisle chair before boarding. The aisle chairs are significantly smaller and narrower 
than a standard wheelchair, making it uncomfortable for passengers. 

However, comfort is not the only problem of the aisle chair. It also lacks the means of self-
propulsion, resulting in implications for passengers’ independence. When passengers 
reach their seat, they may have to perform another transfer between the aisle wheelchair 
and the seat. Only newer aircraft have armrests that rotate up and allow an unhindered 
transfer. If it is not possible, the crew may have to lift the person over the arm of the seat. 
This is a risky process for both the passenger and the crewmembers [4]. During the flight, 
if any wheelchair user passenger wants to use the lavatory, they must do this process 
again, and it can be even worse since some aircraft do not carry the aisle chair onboard. 

Despite recent improvements in aisle chairs design, existing solutions do not yet allow for 
independent movement within aircraft, requiring the support of at least one crewmember 
in several movements, which is exhausting and uncomfortable for the passenger, who 
cannot have a sense of autonomy and independence. In this context, the objective of this 
project is to develop a motorized aisle chair that allows people with reduced mobility or 
disabilities to move more independently into and throughout the aircraft without the need 
of mobilizing the aircraft crew members. 

Methods/Approach/Solutions Considered  

To handle such a complex scenario as the air travel for people with reduced mobility or 
disability, we based our work towards the solution on the Design Thinking approach, 
adapted from the guidelines proposed by the d.school, the Stanford University's Institute 
of Design [6]. As a human-centered way of solving problems and developing innovative 



 

 

solutions, Design Thinking is a flexible process to meet users’ desirability, technical 
feasibility, and economic viability. Through a series of tasks, the team is pushed to 
develop the solution in phases, each one closely related to the design cycles of empathy, 
problem definition and interpretation, ideation, prototyping and testing. Though the cycles 
are intended to follow an order, the process is flexible and iterative-based, so the ideas 
and solutions that came up during the project could be improved over time. In the AutoFly-
X Chair concept, we carried out three cycles: needfinding and research, ideation and 
prototyping. 

Needfinding and Research 

In the first phase, the team sought to define the problem and empathize with it through 
interviews and data-analysis, aiming to understand user needs and physical constraints 
in aircraft. The team also researched existing solutions, benchmarking them on how 
effective they are solving the needs and how realistic they are meeting the existing 
constraints. An essential source of information for this stage was the interviews conducted 
on members of previous projects by the same research group, all of them focused on air 
travel autonomy for passengers with reduced mobility or disability. Seven interviews with 
people who use wheelchair were analyzed along with the reports of these projects. The 
team also conducted interviews with two experts from the aeronautics industry and four 
interviews with crew members. 

A list of requirements, constraints, and functions was constructed: (1) increase autonomy 
for passenger throughout the flight; (2) avoid unsafe and uncomfortable transfers; (3) lock 
the system to avoid accidents in different scenarios; (4) be comfortable; (5) to quickly 
move inside the aircraft; (6) keep the user’s feet secure while moving the wheelchair; (7) 
to have an intuitive and accessible control system that allows full control of its movement 
by users; (8) allow for maneuvering inside tight spaces; (9) to be narrow, considering the 
average aircraft aisle width of 19,75in; (10) to be light; (11) to be compact, to facilitate its 
storage onboard; (12) to be inconspicuous; (13) to withstand passenger weight, 
considering 150kg a reasonable maximum load; (14) To meet aircraft regulator standards; 
(15) to allow for proper hygienization and maintenance. 

All this information has been organized on a functional modeling diagram and on a 
morphological matrix to support ideation and decision-making process [7]. In the 
functional modeling analysis, the team described each step and related requirements. 
This included relevant information that should be collected, and inputs/outputs of energy 
for the solution to effectively support the user to complete the task. As a result, the main 
function of the solution was defined as: to allow people with reduced mobility or disability 
to move more autonomously during air travels. This includes boarding and disembarking 
on aircrafts. 

 

In the morphological matrix, the team aimed ways to generate a matrix of technologies 
that could be used to accomplish physical functions of the solution, like positioning the 
sensor for controlling the maneuvering of the wheelchair. During benchmarking, the team 
identified sixty-three solutions, not limited to motorized wheelchairs, but scooters, other 
concepts of manual aisle chair and specific technologies for some of the challenges 



 

 

encountered, like omnidirectional wheels for lateral movement and low weight motor and 
battery kits. Considering the requirements and interviews, two solutions were highlighted. 
First, a patent describing a motorized aisle chair that enables passengers with disabilities 
to remain in the same seat (the aisle chair itself) during the flight, as it is locked on the 
aircraft cabin floor [8]. Second, a concept named Air Access, composed of two parts, a 
fixed-frame aisle chair which is docked to a fixed seat base on the airplane to create a 
regular seat and wheelchair that serves as a docker too [9]. However, both of them failed 
to address one or more of the requirements and constraints. 

Ideation 

This stage is closely related to the prototyping phase as the team generated ideas in 
brainstorming sessions and as soon as their viability were discussed they went through 
a cycle of prototyping. One of the most cited aspects of comfort from the interviewed 
users was the possibility of staying in the same chair, without the need of another transfer 
to the aircraft seat. Therefore, the most prominent ideas in this phase were those that 
addressed that request from users. The automatic seat rotation for a motorized 
wheelchair and omniwheels were the primary solutions tested. 

Prototyping 

As found in previous phases, the maneuvering of the motorized wheelchair to the seat 
location and out of it is the critical function to be achieved to give passengers the comfort 
and autonomy they need. Although the team 3D-printed the cited omnidirectional wheels, 
soon this solution showed some problems in terms of weight and complexity, as it requires 
four motors or a transmission to complete the lateral movement. The automatic seat 
rotation was then tested, first using a 1:7 scale model of the wheelchair and plane plant. 
After validation of the maneuvering, tests were conducted with a full-size prototype using 
low-cost materials and a circular Lazy Susan bearing. 

 

Description of final approach and design 

The final approach is shown on the sketch and pictures below, with all the mechanisms 
that together form the solution. Our concept is to use a motorized wheelchair that serves 
as the proper flight seat and should be locked on the aircraft cabin floor through a locking 
base, which is attached to the airplane seats’ fixation track. On the maneuvering side, the 
primary structure of the wheelchair can enter the airplane’s aisle with a 90-degree curve, 
as the rotating mechanism also executes a 90-degree movement. All of this should be 
coordinated in such a tiny space. Therefore, the maneuvering should be automatic, 
making extensible use of sensors to accomplish it. Together, the joystick-control and the 
automatic maneuvering assure to the passenger with reduced mobility or disability a great 
level of autonomy. At the same time, it keeps the solution feasible, safe and comfortable, 
without the need of an extra transfer. 
 



 

 

 
 

Figure 1. Description of the proposed concept for the new aisle chair  

Outcomes 

The prototype was built with the same critical mechanism we expect on our final solution, 
the rotary seats. Tests showed it was possible to maneuver the chair in a tight space. It 
also brought a new concern for the team: will the users be disturbed by the narrow 
distance between their legs and the fixed seats? To answer that question, the team have 
been working on the first functional, full-scale prototype for three months and continually 
tested the prototype to identify opportunity for improvements and to make it safe enough 
to test with the users. Also, the prototype has been presented to a person with disability 
to gather user feedback during the process. These tests were responsible for some 
improvements in the footrest mechanism, making it more comfortable, safe and compact. 

Our next goal is to test the prototype with users and assess their levels of comfort and 
safety as well as the wheelchair’s overall reliability. 

 

Cost 

The following table shows the cost of each element that composes the seat: 



 

 

Element 
Cost 
(USD) 

Wheelchair motor with wheel (x2) $220.00 

Lithium battery $90.00 

Controller kit (joystick and drivers) $125.00 

Casters (x2) $23.41 

Roller (lazy susan) $65.00 

Gears $84.54 

EZ Lock $1,390.00 

Auxiliar electronic components (Servos, Arduino, Sensors) $55.07 

Screws / nuts / washers $11.73 

Foot support $235.82 

Seat structure* $10,000.00 

Shipping to Brazil (The wheelchair motor-battery kit was imported from 
China, since it couldn’t be found in Brazil) $454.21 

Total $12,754.77 

Table 1. Description of product costs 

(*) Once that the structural pieces of the seat (also including upholstery) follows the same 
aspects of the original aircraft seat, the cost could be estimated by analogy with an actual 
economy class seat cost [10]. 

Therefore, the total cost to produce a single unit of the seat is estimate in approximately 
US$12,800.00 

Based on the average gross margin by some aircraft seat manufacturers [11], the price 
of the seat was estimated in around US$14,000.00. 

Significance 

Even though there are many solutions regarding the mobility of people with physical 
disabilities, very few of them are related to the mobility during the flight, and even fewer 
can be used into an aircraft. For that reason, aircraft, in general, aren’t accessible for 
people with reduced mobility or physical disabilities. As a consequence, the flight 
experience is very distressing and uncomfortable for them. One of the main reasons for 
that is the fact that they cannot feel independent once they continuously have to call the 
crewmembers to move throughout the aircraft. Because of that, working on making 
aircraft more accessible would mean a significant improvement on travel experience for 
people with reduced mobility or physical disability, not only making air travel less difficult 
for them, but also allowing those who do not even fly because of bad experiences to do 
so. 



 

 

Moreover, the project development process and outcomes can be used to assess the 
adopted design methodology, which would be of great use for other researchers related 
to product development and design for accessibility. 

Acknowledgments 

The authors would like to thank the financial support from the National Council for 
Scientific and Technological Development (CNPq) for backing this project; the Laboratory 
of Environment and Thermal Engineering (LETE-USP) for the access to the airplane 
mockup; the users and experts interviewed during the project for the feedback and 
insights provided and William de Souza Valério for the support during video recording 
and editing. 

References 

[1] ANAC. (2015). Anuário do Transporte Aéreo 2014. Brasília, DF, Brasil: Agência 
Nacional de Aviação Civil. 

[2] TURISMO, M. do. Ministério do Turismo (2013, April 4). Retrieved April 13, 2018 from 
http://www.turismo.gov.br/ultimas-noticias/4181-brasileiro-viaja-cada-vez-mais-
dentro-do-pais-de-aviao.html. 

[3] Poria, Y., Reichel, A., &amp; Brandt, Y. (2010). The flight experiences of people with 
disabilities: an exploratory study. Journal of Travel Research, 49(2), 216-227. 

[4] Darcy, S. (2012). (Dis) embodied air travel experiences: Disability, discrimination 
and the affect of a discontinuous air travel chain. Journal of Hospitality and Tourism 
Management, 19. 

[5] Yau, M. K. S., McKercher, B., &amp; Packer, T. L. (2004). Traveling with a disability: 
More than an access issue. Annals of Tourism Research, 31(4), 946-960. 

[6] Plattner, H. (2010). Bootcamp bootleg. Design School Stanford, Palo Alto. 

[7] Pahl, G., & Beitz, W. (2013). Engineering design: a systematic approach. Springer 
Science & Business Media. 

[8] Soldatos, T. (2009). U.S. Patent Application No. 12/085,463. 

[9] Priestmangoode (2012, September 4). Air Access. Vimeo. Retrieved February 9, 2018, 
from https://vimeo.com/48791724. 

[10] AirlineRatings (2017, February 7). How much does each airline seat cost? Retrieved 
April 5, 2018 from https://www.airlineratings.com/did-you-know/how-much-does-each-
airline-seat-cost/. 

[11] Zodiac Aerospace (2017). Annual Report 2016-2017. Retrieved April 5, 2018 from 
https://www.zodiacaerospace.com/en/finance/annual-reports. 


