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Design and Fabrication of Motorized Solar
Street Sweeping Machine

Taofeeq A. Hammed?®", Abdullahi Isah??, Ejiga S. Ojochoko?, Afolabi O.
Teslim3, Mohammed B. Hamzat*

Cleanliness is one of the good values which people have been looking at
since the beginning of human existence. Street sweeping plays significant
role in this regard in order to make our street clean. Street sweeping is a
daily activity of the sweepers of the society. As a result of limited human -
resources and vast development of geographical area, this cleaning activity
cannot be more effective in daily basis in all the area. Automation of the
street sweeping activity is hence gaining significance. In the cities cleaning
of the street is usually carried out by using certain cleaning attachments
mounting over vehicles. There are others machine tools available in the
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powering of the sweeping machine and automated cleaning using less
human power, we designed and fabricated a solar powered street sweeping
machine that can be used for sweeping streets. The machine consists of two
watts of solar panel mounted on its top and a battery unit which can be used
to powered the entire machine. The electricity generated using the solar
panel is stored in the battery which can be used to provide energy to
operate the motor. The machine has been designed and fabricated for
consideration for low energy consumption, minimizing human effort, eco-
friendly and easy to operate and handle.
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dust collecting bin.

1. Introduction

Cleanliness is one of the good values which
people have been looking at since the beginning
of human existence. This value has been
maintained from generation to generation.
People always want to see a clean place, and in
order to achieve this, manufacturer had
developed numerous mechanisms such as
brooms, vacuum cleaner, and mechanized or
motorized road sweeper (Barbalace, 2003). In
addition, environmental cleanliness reduces pest
infestations by reducing residues that may attract
and support flies. It also improves the shelf life of
floors, walls etc. due to regular cleaning and
maintenance. In recent time people prefer to
littered the environment with covers and
containers of the products been purchased such
as biscuits covers, sachet water nylon, drink
bottles container and soon. Therefore, it is
important to sanitize the environment by develop
a cleaning machine.

Street sweeping is not much of a new idea as so
many equipment and machines have been
developed from ages past from the traditional
method of using brooms to the invention of
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mechanized sweepers to vacuum cleaners all in
a bid to aid in the process (Squatriti, 2002).

The relevance of this work cannot be over
emphasized as it meets the daily requirement for
creating comfort, the sanitization of the
environment and eco-friendly as it is built by
using solar power to enable cleaning where there
is readily no power supply and also on streets
without being mounted on a vehicle. Therefore,
the aim of this present work is to design and
fabricate motorized solar street sweeping
machine.

Considering the need for eco-friendly powering of
the sweeping machine and automated cleaning
using less human power, we designed and
fabricated a solar powered street sweeping
machine that can be used for sweeping streets.
The machine consists of two watts of solar panel
mounted on its top and a battery unit which can
be used to powered the entire machine. The
electricity generated using the solar panel is
stored in the battery which can be used to
provide energy to operate the motor. The
machine has been designed and fabricated for
consideration for low energy consumption,
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minimizing human effort, eco-friendly and easy to
operate and handle.

2. Materials/Components

The materials selected in the fabrication of the
components of sweeping machine were carefully
selected considering cost, availability, ease of
construction, quality as well as the various
properties considered.

2.1 The Frame
The frame of the sweeping machine was
constructed using mild steel square pipe of the
size 20 mm by 20 mm this was selected for the
rigidity, strength, workability and durability it
offers in service.

2.2 The Body

In the construction of sweeping machine body
0.5 mm thickness of galvanized steel sheet were
selected and were joined by arc welding using
electrode. Galvanized steel sheet were selected
due to it aesthetics, strength, workability, rust
resistance and durability it offers in use.

2.3 The Whirling Brush and Wheels

The whirling brush are made up of bristle-like
plastic material in which hot electrical soldering
iron, epoxy glue were used for boring and gluing
of the bristle to make it become brush. The brush
length is 500 mm long and the diameter is 150
mm.

A typical wheel mainly made up of a metal hub,
wired tension spoke and a metal or a carbon
fibre rim which holds a rubber tyre. Tyres used
are made of rubber as best suited for the wheels
which are to aid the movement of the sweeping
machine during operation and provide a versatile
cushion.

2.4 The Electric Motor

A 12 volts DC electric motor was installed
considering the fact that it is a motorized
sweeping machine which is meant to propel the
whirling brush for the sweeping process to be
achieved.

2.5 The Power System

Two 40 W solar panel was installed and electrical
energy is stored in 12 V DC battery. The battery
supply is provided to the electrical switch board
of the machine.

2.6 Dust Collecting Bin

The main function of dust collecting bin is to
collect the dust being swept by the whirling
brushes. The sheet metal is use to made the bin.
The bin is attached with hand for easy disposal
of dust when full.
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3. Methodology
3.1 Design and Calculations

3.1.1 Weight of the Machine

The total weight of the sweeping machine
comprise of summation of the masses of the
frame support, the body of the machine, the
brush, the wheels, the electric motor, the battery
and the solar panel.

3.1.2 Mass of the Frame Support

The mass of the frame was measured and found

to be approximately 3.9 kg.

3.1.3 Mass of the Body of the Machine

The mass of the body was calculated by

weighing the various parts and found to be 5.5

kg.

3.1.4 Mass of the Brush

The mass of the fabricated brush measures

approximately 0.70 kg.

3.1.5 Mass of the Wheels

The mass of the wheels

calculated as:
Mass of one (1) rear wheel = 0.4 kg ...... 3.1
Mass of two (2) rear wheels = 0.8 kg ......3.2
Mass of one (1) front wheel = 0.1 kg ....... 3.3
Mass of two (2) front wheel = 0.2 kg ....... 3.4
The mass of the wheels (rear and front) is
0.8kg+0.2Kg=1Kg ...ecevvvviiriniininnnnns 3.5

3.1.6 Mass of the Electric Motor

The mass of the electric motor was determined

by weighing it to be 1.15 kg.

3.1.7 Mass of the Battery

The mass of the battery was determined by

weighing to be 2.5 kg.

3.1.8 Mass of the Solar Panel

The mass of the solar panel was determined by

weighing it to be 3.7 kg using weighing balance.

The total mass of the machine = 3.9 + 5.5 + 0.70

+1+115+25+3.7=18.45Kg............... 3.6

Therefore, the total weight of the machine is

18.45 kg x 10 m/s?=184.5 N

is measured and

/ L

Figure 1: Force acting on the sweeping machine

W, is the weight of the machine;
F:\l = m‘g ............................................ 3.7

Fn=18.45x 10
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Fn=184.5N

Fn is the normal force due to machine weight,
the force (F) perpendicular to the surface on
which the wheel is rolling. The "rolling resistance
coefficient" Cr, according to Evans, (2001) is
defined by the following equation,

F=CwFn

Crr is coefficient of rolling resistance, which is
0.015 for car tyre on concrete (Evans, 2001).

F =0.015 x 184.5
F=27675N

Where, F is the rolling resistance force;

C,.. is the coefficient of rolling friction.

Tyo= Feosl = Feos7
FN . Fy Frost Feos70

Figure 2: Diagram of Force on machine

Where Fn is the normal Force required to roll the
sweeping machine

Fris the reaction force required of the sweeping
machine

W is the weight of the sweeping machine which
tends to act downward due to acceleration due to
gravity.

Fais the minimum force required to roll the
sweeping machine while pushing from the
handle.

Fa=F cos70

Where Fa is the force perpendicular to the
surface on which the wheel is rolling or rolling
resistance force, which is 2.7675 N

Fa =2.7675 cos70 = 1.7527 N

3.2 Power Required for the Electric Motor

ForcexDistance moved

Power=——mm . .......... 3.10

Time
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Power = Force x Velocity ................ 3.11
= Mass x Acceleration................ 3.12

The total mass of the machine (M) = 18.45 kg;
Acceleration due to gravity, g = 10m/s

Velocity for circular motion, V = ¥ ........ 3.13
w=2 . 3.14
&0

Where the diameter (D) of the brush spindle,
which is 100 mm was measured with Vanier
Caliper, therefore, the radius r = 50 mm = 0.05
m;

N=120 rpm is the revolution of the brush spindle
of the whirling brush,

2XmXx120
w=———
60

o= 12.566 rad/s

Therefore, the Velocity I = 7w = 12.566 x 0.05
=0.6283 m/s

The power P, required for the electric motor
= Mass X Acceleration X Velocity

From equation (3.12), Power (P) = Mass (M) x
acceleration (g) x Velocity (V)

V =0.6283 m/s
Therefore, the power required P, = 18.45 x 10 x
0.6283 = 115.92135 W

4. Results and Discussion

The street sweeping machine consists of frame,
body, whirling brushes, wheels, electric motor,
power system and dust collecting bin. The frame
was constructed using mild steel square pipes
material of the size 20 mm by 20 mm which are
welded together. The body of the machine was
constructed using a galvanized mild steel sheet
material of thickness 0.5 mm. A plastic bristles
and plastic pipe material were used for whirling
brush construction.

12 volts DC electric motor was coupled to the
side of the machine using screwdriver, spanner
and welding machine to weld and fasten the
motor.

The electrical solar panel was mounted on the
push handle of the machine by screwing, riveting
bolting using screwdriver, riveting gun and
spanner using latitude 20° NE as positioning of
the panel.

12 volts DC battery was mounted, positioned and
connected to the battery plate using spanner.
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Totally others assemblies were done using bolts,
nuts and rivets by screwing fastening and
riveting. The machine was painted with paint
thinner using brush and hand sprayer.

The next step involved connecting the wires to
the solar panel and battery for ON/OFF of the
machine. The final step was involved trial on
actual machine to consider working and proper
functioning of all connected electronic circuit. Fig.
3.1 shows the design of the machine and Fig. 4.1
shows the actual photo of the sweeping machine.

Fig. 3: Actual Assembly of the final machine

5. Conclusion

The cleaning process of the machine is achieved
with use of whirling brushes according to the
studies conducted on the machine. The machine
move on the straight path without any deviation.
Using this machine for cleaning effective
cleaning is done. The design was simple and
light weight material was used. The machine is
powered by solar energy, therefore is eco-
friendly machine without emission of dangerous
chemicals to the environment. The machine can
be operated by skilled and unskilled person due
to the simple way of the design and construction.
The machine helps to reduce human efforts in
other to improve cleanliness of the environment
and encourage well-being of people.
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6. Recommendations

The design of solar sweeping machine can be
used in wide range and commercial basis to
ease the inconveniences experienced using the
conventional way of cleaning and sweeping by
broom. However  further  studies are
recommended in the following area:

a) This work may be improved upon by making it
more automated in which a sensor can be added
which will send out signal to notify the operator
when the garbage can is filled up so that the
operator will dump the garbage in the can.

b) This developed solar sweeping machine
should be improved upon in order to work in both
levelled (even) and unlevelled (rough) surface for
a wide range of application.

c) It could be deduced from the operation of the
machine that when working without continuous
charging, the machine tends not to work
optimally; further study on this aspect should be
done.

Conflict of interest
The authors declare no conflict of interest.

Acknowledgements

This research was funded by TETFUND under
the Institution Based Research (IBR) Annual
Intervention; we therefore acknowledged their
immense support. Also appreciates Federal
College of Education Gidan Madi, Sokoto State
for the workshop space to conduct this research
work.

References

Akash, A., Amit, P., Akshay, M., Amol, A., &
Sable, S. V. (2017). Solar operated floor

cleaner machine. National Journal of
Research in Science & Engineering e-ISSN:
2394-8299, 6(2).

Albert, R. (2011). The Proper Care and Use of a
Garbage Disposal. Disposal Magazine.
Retrieved 2017-03-03.

Andrews, E. (1993). The Community Industry of
the Shakers. Albany, NY: The University of
the State of New York.

Anup, M., Mayank, L., Dinesh, S., Rupesh, W.,
& Nitesh., C. (2017).Multipurpose floor
cleaning machine. International Journal for
Scientific Research & Development,
5(1): 740-742.

Armaroli, N., & Balzani, O. (2011). "Towards an

electricity-powered world". Energy and
Environmental Science. 4: 3193-3222.
doi:10.1039/c1ee01249e.

Armaroli, N., & Balzani, O. (2016). "Solar

Electricity and Solar Fuels: Status and
Perspectives in the Context of the Energy
Transition". Chemistry. An  European

© 2024 Faculty of Science, Sokoto State University, Sokoto. | 187


https://en.wikipedia.org/wiki/Vincenzo_Balzani
https://en.wikipedia.org/wiki/Energy_and_Environmental_Science
https://en.wikipedia.org/wiki/Energy_and_Environmental_Science
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1039%2Fc1ee01249e
https://en.wikipedia.org/wiki/Chemistry_%E2%80%93_A_European_Journal

CaloST
Journal. 22: 32-57.
d0i:10.1002/chem.201503580.
Arvind Kumar, Anuj Kumar, Fabrication of
portable street vacuum cleaner, IOP Conf.
Ser.: Mater. Sci. Eng. 691 (2019) 012048,
https://doi.org/10.1088/1757-
899X/691/1/012048, IOP Publishing.

Barbalace, R. C. (2003)."The History of Waste".
Environmental Chemistry.com. Retrieved
2013-12-09.

Batrawy, A. (2015). "Solar-powered plane takes
off for flight around the world".
Associated Press. Retrieved 14 March

2015.

Ben S. (2011). Solar May Produce Most of
World's Power by 2060, IEA Says.
Bloomberg.

Chang, C. Y. & Francis, K. (1994). High Speed
Devices: Physics, Technology, and Circuit
Applications. p. 116.

Chadwick, E. (1842). Report from the Poor Law
Commissioners on an Inquiry into the
Sanitary Conditions of the Labouring
Population of Great Britain. London.

pp. 369-372

Chang, Y., Chou, C., Su, K. & Tseng, C. (2004).
Effectiveness of street sweeping and
washing for controlling ambient TSP,
Atmospheric Environment, 39: 1891-1902

Claire, S. (2014). "Air-Trak Brings Visibility to
Waste Management”. RFID  Journal.
Retrieved 1 October 2015.

Collings, A. F. and Critchley, C. (2005). Artificial
Photosynthesis — From Basic Biology to
Industrial Application. p ix.

Demirba, A. S. (2009). Political, economic and
environmental impacts of biofuels: Applied
Energy review. 86: S108-S117.
doi:10.1016/j.apenergy.2009.04.036.

Donovan, K. (2014). "Poorly maintained Toronto
street sweepers can’'t do dirty work".
Toronto Star. TorStar.

Dundes, A. (1996). "Jumping the Broom": On
the origin and meaning of an African
American Wedding Custom. The Journal of
American Folklore. 109 (433) p. 324-329.
JSTOR 541535

Davidson, G. (2012). Waste Management
Practices:  Literature  Review(PDF).
Dalhousie University -  Office  of

Sustainability. Retrieved 3 March 2017.

Edginton, B. (2008). The Air Recycling Cleaner”.
gOcwt.co.uk

Ellabban, O., Abu-Rub, H., & Blaabjerg, F.
(2014). "Renewable energy resources:
Current status, future prospects and their
enabling technology”. Renewable and
Sustainable Energy Reviews. 39: 748-764
[749]. doi:10.1016/j.rser.2014.07.113.

CaJoST, 2024, 2, 184-188

T. A. Hammed et al.

Elizabeth, S. (2003). Comfort, Cleanliness, and
Convenience: The Social Organization of
Normality p. 80

Erica, G. (2016). New Solar Plants Generate
Floating Green Power, New York Times
Magazine.

Evan, R. (2001). Properties of tires affecting the
riding, steering and handling. SAE Technical
Paper 350082 doi: 10.4271/350082

Fugate, T. D. (2010). Encyclopedia of Oklahoma
History & Culture". Broom Factories.
Retrieved August 13, 2012.

Jacobson, M. Z. (2015). "100% clean and
renewable wind, water, and sunlight (WWS)
all-sector energy roa dmaps for the 50
United States". Energy and Environmental
Science. 8: 2093-2117.
doi:10.1039/C5EE01283J.
Schroder, K. P., & Smith, R. C. (2008).
Distant future of the Sun and Earth revisited.
Monthly  Notices of the Royal
Astronomical Society. 386 (1): 155-163.
Bibcode:2008MNRAS.386..155S.
doi:10.1111/j.1365- 2966.2008.13022.x
Squatriti, P. (2002). Water and Society in
Early Medieval Italy, AD 400-1000, Parti
400-1000. Cambridge University Press.
p. 54.

© 2024 Faculty of Science, Sokoto State University, Sokoto. | 188


https://en.wikipedia.org/wiki/Chemistry_%E2%80%93_A_European_Journal
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1002%2Fchem.201503580
https://doi.org/10.1088/1757-
http://environmentalchemistry.com/yogi/environmental/wastehistory.html
http://www.victorianweb.org/history/chadwick2.html
http://www.victorianweb.org/history/chadwick2.html
http://www.victorianweb.org/history/chadwick2.html
http://www.victorianweb.org/history/chadwick2.html
http://www.rfidjournal.com/articles/view?11406
http://www.rfidjournal.com/articles/view?11406
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1016%2Fj.apenergy.2009.04.036
http://www.thestar.com/news/canada/2014/10/08/poorly_maintained_toronto_street_sweepers_cant_do_dirty_work.html
http://www.thestar.com/news/canada/2014/10/08/poorly_maintained_toronto_street_sweepers_cant_do_dirty_work.html
https://en.wikipedia.org/wiki/Toronto_Star
https://en.wikipedia.org/wiki/TorStar
https://en.wikipedia.org/wiki/JSTOR
https://www.jstor.org/stable/541535
http://www.g0cwt.co.uk/arc/
https://en.wikipedia.org/wiki/Renewable_and_Sustainable_Energy_Reviews
https://en.wikipedia.org/wiki/Renewable_and_Sustainable_Energy_Reviews
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1016%2Fj.rser.2014.07.113
http://digital.library.okstate.edu/encyclopedia/entries/B/BR024.html
http://digital.library.okstate.edu/encyclopedia/entries/B/BR024.html
https://en.wikipedia.org/wiki/Mark_Z._Jacobson
https://en.wikipedia.org/wiki/Energy_and_Environmental_Science
https://en.wikipedia.org/wiki/Energy_and_Environmental_Science
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1039%2FC5EE01283J
https://en.wikipedia.org/wiki/Monthly_Notices_of_the_Royal_Astronomical_Society
https://en.wikipedia.org/wiki/Monthly_Notices_of_the_Royal_Astronomical_Society
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/2008MNRAS.386..155S
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1111%2Fj.1365-2966.2008.13022.x

