Introduction

Design and Performance of a Power Generating Manual Treadmill

Ammar A.M. Al-Talib
Department of Mechanical and Mechatronics, Faculty of Engineering, Technology and Built Environment,
UCSI University, 56000 Kuala Lumpur, Malaysia

Sarah ‘Atifah Saruchi
Faculty of Manufacturing and Mechatronic Engineering Technology,
Universiti Malaysia Pahang Al-Sultan Abdullah, 26600 Pekan, Pahang, Malaysia

Cik Suhana Hassan
Department of Mechanical and Mechatronics, Faculty of Engineering, Technology and Built Environment,
UCSI University, 56000 Kuala Lumpur, Malaysia

Nor Fazilah Binti Abdullah
Department of Mechanical and Mechatronics, Faculty of Engineering, Technology and Built Environment,
UCSI University, 56000 Kuala Lumpur, Malaysia

Ain Atiga Mustapha
Department of Mechanical and Mechatronics, Faculty of Engineering, Technology and Built Environment,
UCSI University, 56000 Kuala Lumpur, Malaysia

Ahmad Jelban
Department of Mechanical and Mechatronics, Faculty of Engineering, Technology and Built Environment,
UCSI University, 56000 Kuala Lumpur, Malaysia

E-mail: ammart@ucsiuniversity.edu.my, sarahatifah@umpsa.edu.my, suhana@ucsiuniversity.edu.my, ,
norfa@ucsiuniversity.edu.my, ainatiga@ucsiuniversity.edu.my

Abstract

Treadmills are one of the most popular training equipment in the gym and at home. The working principle of
treadmills is by moving the belt with the human knee bending, which creates mechanical energy to turn the belt. A
gear or pulley and belt system connects to the generator along the axel line of the rolling bars. The power generated
by the DC generator is stored in a battery pack and could be used to charge phones or other equipment. It has been
found that treadmills can provide an efficiency of 95% when the DC motor is used and 92% when the AC motor is
used. The main objective of this study is to design and fabricate a powder-generating manual treadmill and to analyze
the performance of the system under different operation conditions.
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decreased [2].

Impact of the MCO on electricity

In 2015, the United Nations General Assembly
established the Sustainable Development Goals (SDGs),
which consist of 17 objectives to be accomplished by
2030. SDG 7 aims to provide affordable, reliable,
sustainable, and modern energy for all [1] This goal is
especially relevant during the COVID-19 pandemic, as
measures such as movement control orders (MCO) have
significantly increased residential energy consumption
while commercial and business energy consumption has

consumption has shown a sharp increase in residential
electricity consumption [3]. To address this issue, the
treadmill, which has become a popular fitness equipment
for both home and gym use, can be modified to generate
electricity. Originally the treadmill consumed energy to
operate [4]. The treadmill consists of a wide belt driven
by a variable-speed motor. However, by connecting it to
a generator or an inverter, the kinetic energy generated by
a person walking or running on the belt can be converted
into electrical energy. This energy can then be used to
power various devices or fed back into the power grid,
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making the treadmill a potential solution to the increased
energy consumption during the pandemic [5].

2. Methodology and Experimental Setup

As shown in Fig. 1, this experiment is set up with a 36 V
DC generator that is driven by a pulley linked by a belt,
with the main motion generated by the user walking or
running on the treadmill belt [6]. The generator is
connected to a charging control that regulates the voltage
and current supplied to a 12 V, 7.2 Ah battery. The
battery then supplies a 200 W inverter, which converts
DC to AC power that can be used to charge devices such
as phones and laptops. A Watt meter is connected
between the generator and the charging controller to
measure the current and voltage produced by the
generator.
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Fig. 1 Connection Illustration of The Setup

2.1. Design and Modifications

As the treadmill was already made, modifications are
required to convert the regular treadmill to manual one
that is able to generate electricity. The modifications can
be summarized as an assembly of a jack to have an incline,
support for the side, generator base, motor pulley and
treadmill roller. Fig. 2 shows the treadmill before
modifications.

Fig. 2 Treadmill Before the Modifications

Fig. 3 shows the modified treadmill at its charging status.

Fig. 3 Charging Laptop from The
Treadmill Battery

3. Results and Discussion

In this section, Table 1 shows the average results of 3
different people who tested the prototype. The results are
the readings from the watt meter for the voltage and
current while the average speed is from the speedometer
after 5 minutes of walking on the treadmill. As stated,
before the treadmill is not motorized, therefore the speed
is not constant, and the only way to maintain a constant
speed is dependent on the person himself. However, the
adjustment of pace was constant to maintain a relatively
constant speed.

Table 1. Average Speed for The Three Testers

Person1  |Person2 Person 3
Speed 2.24 3.12 5.05
(km/hr)
Current (A)|0.56 0.86 1.19
Voltage (v) [12.18 12.53 13.24
Power (W) [6.81 10.63 15.43

3.1. Discussion

Fig. 4 shows the average result for the three-persons.
The results are combined in one graph, in terms of speed
(km/hr), current (A), Voltage, and power (W).
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Fig. 4. Average Results for The Three Persons

From Fig. 4, it can be noticed that the higher the speed
the higher the voltage and current, and accordingly the
power generated. The data represents the average speed
that has been achieved by each user. The voltage and
current generated by the lowest speed of 2.24 km/h are
12.18 v and 0.56A respectively. This speed can be
achieved by anyone as it is within the normal walking
speed. Speed 2 of 3.2 km/h induced a voltage of 12.53 v
and a current of 0.86 A. The results are the average of the
3 trials by each person. And lastly, speed 3 which is the
average of the highest speed that can be achieved at 5.05
km/h induced a voltage of 13.24 v and current of 1.19 A.
Taking into consideration that the maximum current to
charge the battery as recommended by the manufacturer
is 0.1 to 0.25 of the battery capacity. The current achieved
falls within these values. Based on the results, it is evident
that there is a direct relationship between the speed,
voltage, current, and power output of the manual
Treadmill. When the speed of the person increases, the
voltage and current generated also increase, resulting in
higher power output.

3.2. Theoretical Current

From the generator specifications the RPM rating is 3400,
while the current is 9.5 A for the 36 v. the generator
efficiency is stated to be 78%. Eq. (1) is used to calculate
the current produced by 1 RPM.

1
Current = ; @)
RPM

The treadmill belt is connected to the roller pulley with a
ratio of 1:20 which is measured experimentally. The ratio
between the roller pulley and the generator pulley can be
calculated using Eq. (2) to Eq. (5):

b = % @

+=2=27

Dm 35

Roller Pulley RPM — speed(m/s) 3)
nD

For Motor RPM = Roller Pulley RPM x 2.7 (@)
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A
For Current generated current = current ( — —) x Motor RPM
RPM

From Eq. (1) for each rotation of the generator, a current
of 0.0029 A will be produced. The motor efficiency is
78% as stated by the manufacturer, which will be
considered when calculating the current. The average
speed in Table 2 will be considered for these calculations.

Table 2. Average Speed Current Calculation

Speed 1 Speed 2 Speed 3

Speed (km/hr) 2.24 3.12 5.05
37.28 52.0 84.11

Speed (m/s)

Roller (RPM) 125.0 174.14 282.0

Motor (RPM) 337.41 47016 | 16131

Current (A) 0.91 1.27 2.06

Current with

78% 0.71 0.99 1.61

efficiency

Eqg. (6) is used to calculate the efficiency for actual
current and theoretical current.

current efficiency -

% 100 ©)

- theoretical current—actual c'zz?"r"e/zt)

theoretical current

Table 3. Actual Current and Theoretical Current

Efficiency
Actual Current (A) 0.56 0.87 1.19
Current with efficiency 0.71 0.99 1.61
Efficiency 78.88% | 87.88% | 73.91%

From Table 3, it can be noticed that the produced current
is less than the theoretical current and that is due to the
losses due to friction during the experiments.

4. Conclusion

In conclusion, the prototype of the manual treadmill is
able to operate and generate electricity of different values
depending on the walking/ running speed of the user as it
is directly connected. The results have shown that the
faster the walking on the treadmill, the higher the current
generated which is required to charge a battery for later
use. The average 3 speeds are 2.24 km/h, 3.12 km/h, and
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5.05 km/h which have generated a current of 0.56A,
0.86A, and 1.19 A respectively. While the voltage for the
3 speeds is 12.18 v 12,53 v and 13.24 v. For the
application of the manual treadmill, 3 devices with
different battery capacities have been tested. The devices
are a smartphone, a smartwatch, and a laptop, with
batteries capacities of 4200 mAh, 455 mAh, and 56 Wh
respectively. After testing using USB and a normal
charger it has been found that the 7.2 Ah battery can
charge the smartform 4.8 times, the smartwatch 44.6
times, and the laptop 1.5 times. However, it is important
to note that the manual treadmill is designed to be an
affordable and accessible option for exercise beside being
successful in generating electrical power. The findings of
this research align with target 13.2 of the SDG’s, which
emphasizes the integration of climate change measures
into policies and planning.
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