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Abstract - This article describes the development of a
motorized off-road wheelchair, consisting of two parts;
first part corresponds to the wheelchair and the second one
to the traction system that is coupled to the wheelchair
which makes it a three-wheeler, thus allowing quick and
safe movement for wheelchair user. For the development
of the prototype wheelchair, processes akin to standards,
knowledge, experience and regulations previously used to
develop vehicles called BAJA and Energy Efficiency,
were used.

INTRODUCTION

The following work shows the development of a
prototype intended for people with physical disabilities,
who lack or have limited functionality in their lower
limbs, for example, people who find themselves in a
position to require the use of a wheelchair. The prototype
of the off-road wheelchair has manual and electric
propulsion for use on variable terrain, like on trails and
rural roads, allowing for rapid and safe mobility in order
to provide the freedom to travel short or long distances,
and still being capable of being used in sports practice.

The current wheelchairs present various types of
devices and control systems, such as, joystick, head
movement, and voice control among others. However,
with respect to handling, stability and comfort, existing
wheelchair models are not able to adapt to situations, like
considering that the city side-walks, which in most cases,
are not adapted to the movement of pedestrians and even
less so for wheelchair users or people with limited
movement.

The most widespread wheelchairs on the market were
designed for temporary use, ranging from hours or days,
however in many cases they are used as permanent
mobility solution, causing discomfort and diseases to the
wheelchair user, as well as to those who help the
wheelchair users.

The shape of the proposed vehicle is a tricycle, i.e., a
vehicle with three wheels, two that are part of the chair
and a third septate wheel, which will be used for braking,
transmission system and steering. These conventional
vehicles are made in order to prevent its rolling (the
rotation of the vehicle around the X axis) and do not allow
dynamic changes in camber angle (tilting).
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Thus, this kind of vehicle is stable and it can be driven
in a similar manner to a car. However, as every vehicle
can present risk behaviours (tipping and roll) due to
reduced area of the base of the rider's polygon stability, in
the case of a tricycle, the figure generated by the contacts
is a triangle. [1]

Tricycles can have two configurations, the delta type
and tadpole type. The delta type, has a front wheel and
two at the rear; where, the front wheel is responsible for
steering. Tadpole has a configuration of two front wheels
and one at the rear, allowing the steering system to be
positioned on the front wheels or the rear wheel. For the
specific case of the wheelchair, a delta and tadpole
configuration is chosen, as it can shown in figure 1.
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Figure 1. Types of tricycle [2]

A tricycle (delta type) has a more economical
configuration and is easy to manufacture, which is due to
the use of a similar mechanism to the front system of a
motorcycle or bicycle. In these cases, the rake angle, trail
and the offset of the front wheel should be considered. See
figure 2.
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Figure 2. Basic geometry of a motorcycle[3]



The drag angle is important to the handling, especially
in the steering process, and is also responsible for the bike
tilt when on curves. The positive angle of drag and the
steering angle combine to produce a moment around the
steering shaft, that allows the movement of the vehicle in
a straight line, thus providing good straight-line stability.

Small drag values produce small self-aligning
moments due to the lateral friction force. Even though the
system is very sensitive to track irregularities, the pilot has
the impression that the movement and correction of the
steering system is easy. High drag values (obtained with a
high angle of attack value) increase the straight moving
stability but dramatically reduce their manoeuvrability.
[4].

The angle of attack, affects the response-speed of the
motorbike, which are given through steering inputs. It can
also be asserted that the greater the angle, the greater is
the straight-line stability; as the wheel divided over the
power that comes from the obstacle and affects the vehicle
chassis the least. The classic example of excessive use of
this angle for straight-line stability, are the choppers.
These vehicles on curves can present the sub-steering
phenomenon, and due to this, the race bikes have a small
angle.

The wheels of the wheelchair traditionally uses neutral
camber (90°) relative to the ground. Negative camber is
widely used in sport wheelchairs. The negative camber
allows for better stability and ease to go around curves.
But the larger the camber, value greater is the value of the
energy consumed. [5] Thus, this setting should also be
considered in the tadpole tricycle type, whereas the rear
wheel will be driven and used for steering.

The delta-type chair, figure 3, presents some
difficulties due to the low friction of the front wheel,
which decreases the efficiency of the steering, braking and
transmission, especially during uphill and on wet paths.
This is due to the gravity centre position which is too far
behind the pivot. [6]
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Figure 3. Wheelchair Delta type [author]

SUSPENSION

The suspension can be described by three fundamental
components: the spring which store and release the energy
generated by the weight shift of the vehicle; the buffer that

operates in control of suspension movements and helps to
prevent the suspension reaches the limit in medium and
high intensity impacts; and finally, the stabilizer bar which
is designed to control the roll of the vehicle, giving more
rigidity to the system .

There are several suspension models, each one with its
specific characteristics, for the front suspension the most
common models are the Dragged Arm, Double A,
MacPherson and Multi Link.

Front suspension type Double A

The double Wishbones suspension model, as shown in
Figure 4, is the system most often applied in vehicles, it
can be used in both the front and rear suspension. It
operates independently and is a model which has better
relation with the angles required for a good operation of
the suspension.

The modelling of suspension travel acts to always keep
the wheel perpendicular to the surface of the ground,
independent of the action of the springs, the vehicle
loading and the body tilt on a curve, thus it ensuring an
excellent performance in terms of stability .
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Figure 4. Suspension model - Double A [7]

Rear suspension with swing arm

The rear suspension systems with swing-arm provides
comfort and good traction characteristics and control to
the wheelchair.

The use of the front articulation of the swing-arm as a
support and attachment of the rear axle to the rear end of
the arm allows the wheel to respond quickly to track
surface variations.

The basic configuration of the rear suspension with the
swing-arm, can be divided into some categories depending
on the number of buffers used and the type of the
oscillating arm. In the conventional type, two sets of
dampers / springs, supported at the end of the swing-arm
support the rear part of the chassis as shown in Figure 5.
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Figure 5. Rear suspension with swing arm [8]



The Pro-Link suspension system, as it can be shown in
the figure 6, is designed to provide greater comfort and
better control over the motorcycle. It's progressive action
provides the ideal ratio of compression and rebound
damping for various driving conditions. The initial action
is gentler with soft rebounds to small bumps and ripples.
If the surfaces become more rugged, more rigid reaction
by the swing-arm, provides the necessary control to
prevent the rear wheel from losing contact with the
ground.

Figure 6. Suspension swing arm PRO-LINK[§]

PURPOSE

To develop a prototype of a wheelchair off-road, using
SAE International Methodology “Baja SAE® Series
Rules”[9] and SAE SUPERMILEAGE® RULES”[10]

METHOD

The activities to be performed in the project
development should follow a sequence of actions
established chronologically. In the stage of conceptual
design, the knowledge and experience acquired in baja
projects, energy efficiency and accessibility of vehicles
will be used, (SAE INTERNATIONAL Regulations “Baja
SAE® Series Rules”, “2016[9] SAE SUPERMILEAGE®
RULES”[10] bibliography, etc.) and are adapted to
contemplate the minimum requirement of ABNT NBR
ISO 7176[12]. Wheelchair and the ABNT NBR
9050:2004 Standard[11]: that establishes the technical
criteria to be observed during the design, construction,
installation and adaptation of buildings, furniture, spaces
and urban facilities for accessibility conditions.

The evaluated items methodology used in the Baja
SAE projects and energy efficiency mainly concern the
technical inspection and safety, and aims to determine
whether the vehicle meets the minimum requirements of
configuration and security. It is divided into two stages,
static and dynamic.

1) Static Proof:

Project report: present a clear, summarized and
organized the engineering information and processes used
in the development for each prototype system.

2) Dynamic Proof: Acceleration, Maximum Speed,
Braking, Traction (Pull Track). Suspension and Traction,
others.

RESULTS

The table 1 shows the front suspension parameters
used to develop the prototype.

Table 1. Specification of the prototype parameters.

Parameters Values
Rake angle 10°
Trail 10 cm
Offset 3cm
Negative camber 6°

The wheelchair shows negative camber to give greater
stability to the prototype on all terrains.

Figure 7. Double Wishbones suspension model
and negative camber [Author]



Figure 8. View of the prototype [Author]
CONCLUSION

The prototype has a simple construction that has it's
own mechanisms for rough roads, containing of an
independent front suspension and rear suspension PRO-
LINK swing arm suspension.

All three wheels will have disc brake systems, for
driver safety will use a shell-type seat belt with 5 points
safety harness.

The prototype is within the dimensional limits for use
accessibility spaces. The equipment can be moved
manually by the user or support person and will also have
a 1000W electric motor.
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