Development of an Electric Wheelchair System Using PEM Fuel Cell
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Abstract

This paper describes an electric wheelchair using a fuel cell and its speed characteristics. The wheelchair system has
a PEM fuel cell stack as a power supply, an EDLC bank as an energy buffer, and a newly designed four-quadrant DC
chopper which drives two DC motors. Drive performance of the wheelchair and essential characteristics of the fuel
cell are investigated by experimental results. Consequently, it is shown that the wheelchair satisfies basic driving
operations, and also the PEM fuel cell has sufficient capability for the wheelchair system. Therefore, the ideas and
technologies which are applied to the system will be able to contribute to future electric vehicles and transportation.
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1. INTRODUCTION

Recently, discussions on fuel cells have increased signif-
icantly. Regarding problems of the global environment
and exhaustion of natural resources, the study of an
application of fuel cells is noteworthy [Hoogers, 2003],
[Larminie, 2003]. Besides, several types of electric
vehicles using fuel cells have been developed by car
manufacturers and institutes [lizuka, 2006]. Therefore, a
combination of fuel cells and electric vehicles or wheel-
chairs is meaningful topic [Yamaguchi et al., 2007].
Furthermore, there is an increasing problem of the aging
society, especially in Japan. From this viewpoint, the
study of wheelchairs is both important and in urgent
need.

This paper introduces an electric wheelchair that uses a
PEM (Proton Exchange Membrane) fuel cell. The
wheelchair system has an EDLC (Electric Double Layer
Capacitor) bank as an energy buffer, and a four-quadrant
DC chopper which drives two DC motors. The motors
are mounted on both of the back wheels, and speed
detectors are installed on both of the back tires. Essential
characteristics of the PEM fuel cell and the electric
wheelchair system are investigated in this paper.
[Anyapo et al., 2006], [Saito et al., 2006], [Kamjitjam et
al., 2007], [Saito et al., 2008]].

2. STRUCTURE OF WHEELCHAIR
Figure 1 shows a photograph of the electric wheelchair

which originally has the following specifications; the
diameter of each back wheel is 22 inches, the maximum
speed is 6km/h, the output power of each DC motor is
90W, and the power supply is a Li-ion battery (25.9V-
6Ah). The electric wheelchair has been improved on
several points. In particular, the power supply is replaced
by the PEM fuel cell stack with the hydrogen storage
alloys, which are seen in Fig. 2 (front side: the fuel cell).

Fig. 2 PEM fuel cell and hydrogen storage alloys



The two DC motors are driven by the newly designed
four-quadrant DC chopper, and the EDLC bank is em-
ployed as an energy buffer managing energy flow of the
system. The major specifications of them are as follows;
(1) PEM fuel cell: 200W-24V (output),

(2) Hydrogen storage alloys: 500L (capacity of H,),

(3) DC motor: 90W (output power each),

(4) EDLC: 1350F-2.7V (capability/ 1 piece).

Figure 3 shows the control system of the electric
wheelchair. A user of the wheelchair handles only a
joy-stick which can select a drive mode (forward,
backward, right/left turn, and pivot). The energy control
and motor drive circuit work depending on signals from
the joy-stick. Then, the two DC motors mounted on both
of the back wheels are driven by the chopper for the
commanded drive mode. Figure 3 also indicates that the
PEM fuel cell is the power supply, EDLC is the energy
storage device, and the two DC motors drive the wheels
of the wheelchair.

Management of energy flow and the motor drive circuit
of the wheelchair system are illustrated in Fig. 4. In
terms of the PEM fuel cell, hydrogen is supplied from
the hydrogen storage alloys, and oxygen in the air is
inhaled using a blower DC motor.

The EDLC bank is charged or discharged depending on
the drive conditions of the wheelchair system. For
example, the EDLC supplies energy to the two motors
when the output power of the fuel cell lacks for motor
drive. When regeneration of the motors occurs, normally
the EDLC is charged. Figure 5 illustrates two examples
of energy flow; (a) indicates the energy flows from the
fuel cell to the motors, and a part of the energy can
charge the EDLC. Figure 5 (b) shows the regeneration;
the energy flows from the motors to the EDLC (mode 1),
or a discharging resistor (Ry) works to dissipate the
energy if the EDCL is fully charged (mode 2)
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3. CHARACTERISTICS OF FUEL CELL
Several types of fuel cells have been developed and
applied in many fields, above all things, PEM fuel cells
are the most suitable for electric vehicles or electric
wheelchairs, because PEM fuel cells can be used at room
temperature and the sizes are small.

The hydrogen storage alloys is connected with the PEM
fuel cell, as illustrated in Fig. 4. This figure also shows
the flow of hydrogen and oxygen by the use of arrows.
By the electrochemical reactions, only water vapor is
exhausted.

Figure 6 demonstrates the characteristics of the PEM fuel
cell obtained by experiments. As load (output current)
increases, output voltage gradually drops. Meanwhile the
maximum output power reaches around 200W.

Figure 7 and Figure 8 show the experimental results for
the output power of the PEM fuel cell, when the forward
mode and the left turn mode are carried out. As shown in
Fig. 7, the maximum output power reaches 100W, and
the steady state value is about 55W. In Fig. 8, the
correspondent values are 105W and 45W, respectively. In
addition, the output power is about 30W when the two
motors do not work (indicated “stop”). The reason for
this is that the blower is working, i. e., the PEM fuel cell
is also used as the power supply of the blower motor
which inhales oxygen from the air.

These data assure that the PEM fuel cell has sufficient
capability for the electric wheelchair system.

4, PERFORMANCE OF WHEELCHAIR

The electric wheelchair has several drive modes; forward,
backward, right/left turn, and pivot mode. The motors
mounted on both of the back wheels are driven by the
four-quadrant DC chopper which is designed to simplify
the motor drive system. To measure the velocities of the
wheels, speed detectors are installed on both of the back
tires.

4.1 Four-quadrant DC chopper

The four-quadrant DC chopper, which drives the two DC
motors, has a combined structure of two full-bridge
choppers. Therefore, the number of switching devices
can be reduced from eight to six, as illustrated in Figs. 4
and 9.

Figure 9 illustrates the operating condition of the DC
chopper in the forward mode. Thick arrows indicate the
current path of the two DC motors and the switching
devices (MOSFETS). In the case of the forward mode, Q;
& Qs and also Q4 have PWM switching conditions.

Figure 10 shows the waveforms of the DC chopper in the
forward mode. The PWM switching frequency of Q;, Q,,
Qs, Qs is 10kHz, and that of Qs, Q4 is 1kHz. When Qy is
ON condition and Q; & Qs are in switching operations,
the two DC motors rotate in a forward direction at once.
Figure 10 also describes the voltage waveforms of the
left motor (V(ave)) and the right motor (Vr(ave)) of the
wheels, which are working in chopper operation. Thus,
the electric wheelchair moves forward.
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4.2 Speed data by experiments

Figure 11 shows the wheelchair speeds for the forward
and the backward modes under both the conditions of a
load (a user who weighs 75kg) and no-load. From these
data, it is shown that the wheelchair speeds increase
linearly as the switching duty ratios of Q; & Qs (in the
case of the forward mode) or Q, & Qg (in the case of the
backward mode) become higher.

In order to investigate a smooth start drive which enables
the wheelchair to move slowly, the starting time and the
rise time are defined as indicated in Fig. 12.

When a switch signal is sent from the joy-stick, a start
command rises gradually so that a sudden movement
does not occur. Then, the wheelchair speed increases
smoothly, where the time between 10% and 90% of the
constant speed is defined as the rise time.

Figure 13 shows an experimental result of a switch signal
and a wheelchair speed when the starting time is 1s.
Before the speed rises, delay time (0.35s) is observed,
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which is caused by friction between the tires and ground.
In this case, the conditions are as follows; forward mode,
no-load, and the switching duty ratio of Q; & Qs is 90%.
The rise time at the load condition is larger than the
no-load one, which is caused by the difference of inertias.
For drive feeling, the starting time is better between 0.5s
and 1.0s. The relation between the rise time and the
starting time is shown in Fig. 14. The rise time increases
gradually with the starting time under all conditions.
Figure 15 and Figure 16 describe the gate signals of Q,
Qs, Q4, and Qs under the conditions of the right turn
mode and no-load. Figure 15 shows the case of Q;=90%
and Q=0%. On the other hand, Fig 16 shows the case of
Q1=Q¢=90% (the two motors rotate in contrary directions
to each other). As for the turning radius, the case of Fig.
15 is 58.2cm and that of Fig.16 is 35.9cm, respectively.
These figures also indicate the speed data of the left and
the right side wheels. In Fig. 16, the speed of the right
side wheel is low compared to the left side one;
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the reason for this is larger friction of the right side tire
when the wheelchair turn right.

According to these experimental results, basic speed
characteristics of the electric wheelchair have been
examined. Then, it is assured that the wheelchair system
fundamentally has satisfactory performance.

5. CONCLUSIONS

In this paper, the prototype electric wheelchair using the
PEM fuel cell is discussed. The points of the wheelchair
system are also utilizing the EDLC bank as an energy
buffer and the newly designed four-quadrant DC chopper
which drives the two DC motors. Basic drive perform-
ance of the wheelchair has been examined by experi-
mental results, considering the essential characteristics of
the PEM fuel cell.

As a result, it is shown that the PEM fuel cell can be
adapted to the electric wheelchair system, and basic
operations of the wheelchair have been achieved.

The next stage of this subject is to examine the manage-
ment of energy flow among the PEM fuel cell, the EDLC
bank, and the two DC motors.

The authors hope that the ideas and technologies which
have been investigated by this study will contribute to
not only electric wheelchairs but also future electric
vehicles and transportation.
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