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Abstract: In this paper is presented the design solution and experimental prototype of a wheelchair for
disabled people. Design solution proposed to be implemented uses two reduction gears motors and a mechanical
transmission with chains. It’s developed a motion controller based on a PWM technology, which allows the user to
control the wheelchair motion. The wheelchair has the ability of forward — backward motion and steering. The
design solution is developed in Solid Works, and it’s implemented to a wheelchair prototype model. Wheelchair
design and motion makes him suitable especially for indoor use. It is made a study of the wheelchair kinematics,
first using a kinematic simulation in Adams. Are presented the wheelchair motion trajectory and kinematics
parameters. The experimental prototype is tested with a motion analysis system based on ultra high speed video
cameras recording. The obtained results from simulation and experimentally tests, demonstrate the efficiency of
wheelchair proposed solution.
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1. Introduction

To assist mobility of disabled persons, several electrical powered wheelchairs are available on the
market [1, 2, 3, 4, 5, 6, 7, 8]. In the last 40 years, there have been revolutionary advances in power
wheelchairs. These unique wheelchair systems, designed for the physically immobile patient, have
become extremely diversified, allowing the user to achieve different positions, including tilt, recline, and
more recently, passive standing [9].

The propulsion system of powered wheelchairs typically consists of a pair of motors, one for each
drive wheel, and a drive train consisting of gears, belts and other mechanical elements that couples the
motor’s shaft to the drive wheel shaft. Speed and torque generated by each motor is controlled by
modulating the pulse width. Solid state relays are generally used to switch supply voltage polarity to
change the running direction of PM (permanent magnet) motors [9, 17]. The wheelchair’s control module
converts positional information from the joystick into power signals to the motors. Control modules are
microprocessor based and have many adjustable parameters. Many control modules utilize feedback to
sense whether the motor is responding properly to the joystick position. Such control systems adjust
motor torque so as to maintain near constant speed while the load varies in response to changes in the
terrain (incline, bumps) and surface (linoleum, carpeting, concrete, grass, sand) [5, 17].

Proposed solution uses an indirect drive transfer system, the motor is coupled to the drive wheel
shaft through a system of gear train and flexible machine element (chains). The gear train and chain serve
to reduce the motor speed while proportionately increasing motor torque [17]. Incorporating a
transmission mechanism into the drive train would allow the PM motor to run efficiently for all speeds
and torques and extend the serviceable lifetime of PM motor [17].

© 2015 “Lucian Blaga” University of Sibiu



2. Proposed design solution of wheelchair prototype

Proposed solution of the wheelchair is designed in Solid Works, as shown in Fig. 1. Based on
wheelchair dynamics are established the necessary torque and angular speed of propulsion motors upon
are selected suitable motors and achieved the synthesis of transmission chain ratio to wheels. The
wheelchair drive system uses two servomotors from Pololu, with reduction gears [18], with a duty torque
by 12 Nm, at 30 rpm. The motion transmission to wheels is made with chain transmissions. Chain
transmission multiplies two times the motor torque, and reduces the angular velocity. The obtained 3D
virtual prototype is important because it will be used to simulate in Adams the wheelchair motion

trajectory and study of motion dynamics. The experimental model of the wheelchair, assembled at
Faculty of Mechanics, Craiova, i presented in Fig. 2.

=
Figure 2: Wheelchair experimental prototype.

Mechanical design solution with chain transmissions (Fig. 3) is innovative from aspect of wheelchair
folding for easy transportation. As is presented in Fig. 3 the motorized wheelchair keeps the folding capability. This
is very useful in the situation when the person with disabilities is going to another location (a visit for example) and
needs to move the wheelchair with a transportation vehicle. This can be done with a family vehicle.
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Figure 3: Details of chain transmission ad wheelchair in folded position.

3. Development of motion controller of the wheelchair
Controller implemented is based on a L298N Dual H-Bridge Motor Controller module [20, 21].
H-Bridge's are typically used in controlling motors speed and direction. An H-Bridge is a circuit that can
drive a current in either polarity and be controlled by Pulse Width Modulation (PWM). Pulse Width
Modulation is a means in controlling the duration of an electronic pulse. The microcontroller is based on
Arduino Mega 2560 board. The Arduino Mega 2560 is a microcontroller board based on the
ATmega2560.

Fiu re 4: Aspects of PWM controller and joystick.

The program is written using the Arduino software. The Arduino's programming language makes
PWM easy to use. It is used the function analogWrite(pin, dutyCycle), where dutyCycle is a value from 0
to 255, and pin is one of the PWM pins (3, 5, 6, 9, 10, or 11). The analogWrite function provides a simple
interface to the hardware PWM, but doesn't provide any control over frequency [22]. Fragments of
writhed and uploaded program, is shown in Fig. 5.
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Figure 5: Details of program developed in Arduino language.

4. Motion analysis of the wheelchair prototype

The motion analysis of the wheelchair is studied in Adams software, in first phase. For that
purpose the CAD model of the wheelchair is imported into Adams software database. Trough a suitable
Adams developed algorithm is analyzed the wheelchair motion trajectory and motion parameters. To
obtain a proper model in Adams, first are defined the material type of elements, upon the software
calculates the inertia properties. Are defined the rotation joints of the wheels and also wheels —ground
contact parameters. The front wheels are self directionally (caster wheels), and they are mounted on the
wheelchair structure with axial-radial bearings. The kinematic model of the wheelchair constructed in
Adams is presented in Fig. 6. It is used Adams Machinery, to define the sprocket set of the chain system

and chain sprocket actuation input. Aspect of chain system modelled in Adams is shown in Fig. 6.

|y

T £ Vet ot Trce

| suag ®

AKX FEAES L RBEREE o £ o,
Votes  Lowetter | Mo | Festes | Lewett | Diogrbposioe | Fugrs | Mateey | Seesion | Hess | oy,
P*Q00 Wi r
e

Finctie lccies

[ Vedare

L @S BRe
40O\ |08

It is solved the model in Adams, resulting robotic wheelchair motion trajectory, in first case for a
straight line displacement, when both motors run with same angular velocity. For this simulation the both
motors runs with 19 rot/min (but in opposite rotation directions), the wheelchair motion trajectory is
shown in Fig. 7, a, and maximum motors torque is by 2,5 Nm. The wheelchair propulsion speed is
constant and is by 400 mm/s. For the second simulation case, the right motor runs with 9,5 rot/min and
left motor runs with 19 rot/min, the wheelchair obtained trajectory is shown in Fig. 7, b. The wheelchair
motors torque, measured in Adams simulation is by 10 Nm, for right motor, and by 7 Nm for left motor.
Is observed that is needed a greater torque for right wheel, because it’s spins with a lower angular speed.
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Figure 7: Wheelchair motion trajectory computed in Adams.

Computed torque variation in Adams simulation are presented in Fig. 8, for right wheel and left
wheel motor.
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Figure 8: Adams computed torque. a) -right wheel, b)- left wheel.

For wheelchair experimental motion evaluation it is used Contemplas motion analysis equipment,
based on ultra speed cameras. Reflective markers have been attached to the wheelchair frame and wheel.
The marker motion is captured and processed with TempoloMotion software in order to establish
wheelchair wheels rotation and displacement variation in time. Positioning of reflective marker and
motion tracking results are indicated in Fig. 9.

The notations used are the following: 1, 2 - frame attached reflective markers; 3- wheel centre
attached marker; 4 - wheel circumference attached marker.

With Contemplas motion analysis equipment, the wheelchair is analyzed during a straight line
displacement. Obtained results for markers trajectories are presented in the Fig. 9. Markers tracking for
wheel angular variations measure are presented in Fig.10. The graphic of wheel angular displacement
variation is presented in Fig. 11.

It is observed that the wheel circumference marker describes a cycloid curve, and markers
attached to the frame are describing a straight line. Motion tracking allow establishing the wheel angular
position, and also angular velocity.
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Figure 10: Marker tracking for measure wheel angular motion.

400
— | 350
(@) p
L | 300 //
e /
g 250 /r
% 200 /‘
o T
S 150 =
—_ /
] 100 =
=]
=3 50 -
< . Tlme‘ [sec]
0 2 4 6 8 10 12 14

Figure 11: Time variation of wheel angular position.

5. Conclusions

This paper proposes to develop a kinematic analysis model of a robotic wheelchair prototype,
which will be used for further dynamic studies. In order to increase efficiency propulsion motors must run
at a high angular speed. For that are implemented motors with reduction gears and chain drive trains,
which convert high motor speed to lower speeds but with increased torque. The virtual model of the
wheelchair is designed in Solid Works and upon this model is developed the experimental model.
Proposed solution uses two motors, controlled by a joystick module, based on a PWM controller.
Kinematic analysis reveals motion trajectories of wheelchair, kinematic parameters of the system: wheel
angular displacement and speed, running speed. Further studies concerns the motion study for steering
situation, and establish of dynamic parameters of the wheelchair: electric DC motors propulsion and
steering torque.
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