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Abstract: A crusher is a machine that is designed such that to reduce the size of plastic into smaller
pieces. It is not only for that, but it is also used for recycling of plastic waste materials. Crusher is a
multi-dimensional machine. Crusher has the ability of changing the form of material. This work aims to
design and fabricate a portable Plastic Bottle crusher that could be installed anywhere and would aid in
crushing of used Polyethylene Terephthalate (PET) bottles. This involves the process of designing the
crusher considering forces required for crushing and ergonomic factor that an operator needs. The
plastic Bottle Crusher thus designed and fabricated is a unique, compact and portable Plastic Bottle
Crushing Machine. The final machine is an outcome of a series of processes, in which the first was
analysis and study of requirements and conceptualization of machine, then the Design and Fabrication
and finally the Testing of Machine. Thus, all the mentioned processes were successfully completed for the
Plastic Bottle Crusher. On an average the crusher reduces the volume of bottle to 50% of the initial
volume. It was also found that the machine is capable of crushing aluminum Cans as well.
Keywords: PET, plastic crusher, waste, recycling

Introduction
Crushing is one of the process plastics go through before recycling. This process is carried out by a
machine called “plastic crusher” which reduces the large solid plastics material into a smaller volume or
smaller pieces. Crushers is also used to reduce the size, or change the form of the material so they can be
more easily and efficiently used in the purpose intended to. Such purpose can be plastic recycling. Plastic
recycling is the process of recycling scrap or waste plastic and processing the material into useful
products. Since plastic is non-biodegradable, recycling is part of global efforts to reduce plastic in the
waste stream, especially the approximately eight million tons of waste plastic that enter the earths ocean
every year. Plastic recycling includes taking any type of plastic, sorting it into different polymers, and
then chipping (crushing) it and then molten it down into pellets. After this stage it can then be used to
make items of any kind such as plastic chairs and tables. Soft plastic is also recycled such as polyethylene
film and bag. Therefore, crushing is an important aspect of plastic recycling.
The world’s annual consumption of plastic materials has increased from around 5 million tons in
the 1950’s to more than 100 million tons; thus, twenty times more plastic is produced today than 50 years
ago (Orhorhoro 2016). Today, most of the worlds plastic waste still goes to landfill. Plastic waste disposal
is one of the cumbersome process which is very less efficient. In most functions, parties, events etc. water
is been served in plastic bottles of different size. The used plastic bottle occupies very large disposal
space which usually overflows the bins provided at the places and most of them goes to landfill. Used
plastic bags, pieces of plastic sheets and bottles of diverse size, color and texture are found flying around
freely, scattered in the street, swimming in the gutters, poising a serious environmental threat which also
causes blockage to our sewer system. several attempts were made to discourage plastic bags and other
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plastic products but yield minimal result due to its versatility in daily use. The problems highlighted can
be minimized by crushing plastics into smatter pieces for either the purpose of proper disposal or
recycling into other plastic products. This work aims to investigate the performance of a PET plastic
crusher in order to maximize its output.
Economic growth and changing consumption and production patterns are resulting into rapid
increase in generation of waste plastic in the world. In Asia and the pacific, as well as many other
developing regions, plastic consumption has increase much more than world average due to rapid
urbanization and economic development. The world annual consumption of plastic materials has increase
from around 5million tons in the 1950s to nearly 100 million tons, thus 20 times more plastic is produced
today than 50 years ago. This implies that on the one hand, more resources are being use to meet the
increase demand of and on the other hand, more plastic waste is being generated. Due to the increase in
generation, waste plastic is becoming a stream in solid waste. After food waste and paper waste, plastic
waste is the major constitute of municipal and industrial waste in cities. Even the cities with low
economic growth have started producing more plastic waste due to plastic packaging plastic shopping
bags, PET bottles and other goods appliances using plastic as the major component. This increase has
turned into a major challenge for local authorities, responsible for solid waste management and sanitation.
Due to lack of integrated solid waste management, most of the plastic is neither collected properly nor
disposed of in appropriate manner to avoid its negative impacts on environment and public health and
waste plastics are causing littering and chocking of sewerage system.
Literature review
Different authors have carried out works on the modification, design and construction of plastic crushers.
There have been attempts to design and produce shredding machines over the years, Anurag et al. (2014)
designed a plastic bottle crusher to be used in public places, and the intent of the project is to assist people
crush plastic bottles quickly in public places once the bottle content is consumed. Hence, the design
ensured portability, compactness, and ease of use. The design incorporated the use of manually operated
gears and a quick return mechanism in order to achieve the set goals of the project. The end product of the
design was able to compress plastics which would further need to be cut/shredded into bits. This limits
the machine to be used for commercial purposes. Senthil et. al. (2016) showed that the design of a plastic
shredder can be such that an optimum load is used to crush plastic waste without straining the operator.
Their research achieved this by designing the shredding machine to operate on a slotted lever mechanism
powered by a 3-phase induction AC motor. This design proved useful for an industrial application, but
costly for a small or medium scale production outfit. Rana et. al. (2020) designed and fabricated a
compact sized plastic bottle shredder, in their design pairs of cutting disc with four cutting points were
mounted on a pair of shafts. Both shafts where mounted on bearings with an electric motor as the prime
mover which is coupled to one of the shafts. Power is transmitted from the driving shaft to the driven
shaft by an arrangement of meshing gears. Structural analysis was carried out to determine the total
deformation, maximum shear stress and strain of both shaft and cutter. Results show that the design is
safe since the maximum stress values exerted on the shaft and cutters did not exceed the yield stress
values of the material of both shaft and cutter. The limitation of this design is in the usage, as it cannot
function optimally for commercial production of shredded plastic chips. Ayo and Adelabu (2017)
designed a plastic shredder with an average throughput capacity and recovery efficiency of 27.3 kg/hr and
95% respectively. This was achieved by driving the shredding shaft with a 3-phase electric motor
connected by a belt and pulley system. Although this design would serve a commercial production
purpose, the cost of production which is N140,750.00 ($360.87) is a discouraging factor for small scale
entrepreneurs in Nigeria. In a related design, Atadious and Oyejide (2018) showed that the throughput of
a plastic shredder could be improved upon to be 2070kg/hr with an efficiency of 98.44%. This was
achieved by the introduction of a flywheel which is attached to the shaft having most of its weight at the
circumference. The flywheel is designed to provide steady rotation of the shaft and even transmission of
the torque. This study had the same limitation as that of Ayo and Adelabu (2017). Hence, it is pertinent to
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design for affordability to enable easy start-ups in the plastic recycling sector for the small and medium
scale entrepreneurs.
Ogunedo and Chukwudi (2020) carried out a recent study which focused on designing and constructing a
plastic shredding machine which will assist small and medium scale entrepreneurs in plastic recycling
industry. The machine utilizes 3.7kW of mechanical power to produce a torque of 28.49Nm and a
shredding force of 1424.5N. With this force, it is able to shred 150kg of plastic in 6.98minutes with an
efficiency of 97.8%. Motion simulation analysis run on the machine shows that during operation, the
maximum values for buckling amplitude, and deformation of the shaft are 0.1902 Ampres and
0.01634mm respectively. Also, the von Mises stress result showed that all regions of the shaft are far
below the yield strength of the shaft material, and the FoS corroborated this result with all regions above
1; having a minimum value of 157.7. This shows that the machine will not breakdown even when running
at twice its loading capacity. Furthermore, at a production cost of N109,840.00 the machine is 21.96%
cheaper than the current market value of N140,750.00, hence the aim of producing a cost effective,
durable and efficient plastic shredding machine was achieved in this study.
Material and methods
The process initiated is a preliminary design wherein the basic mechanism and working of the project is
decided. The ideas and innovations about the working of project was be implemented.
We have come up with a concept of designing a crusher in such a way that even a layman can operate it.
The manufacturing cost as well as the maintenance cost is very less as compared to that of hydraulic
machines. This crusher can crush the waste effectively and also the operating time is very less as
compared to the existing ones. This crusher would best suit the small recycling plants and small
industries. The maintenance and manufacturing cost are less since it does not use hydraulic or pneumatic
fluids.
Design consideration
A. Crushing force: The crushing force is the force required to crush the plastic bottles to the desired
sizes and is calculated from
𝑇 = 𝐹𝑟
Where,
T = torque
F = crushing force
R = radius or length of the crank
B. Crushing power required: The power required to crush the is given by

(1)

𝑃=

𝑝𝜔
60

(2)

𝜔=

2𝜋𝑁
60

(3)

Where,
P = power required
ω = angular velocity and is given by

Where N is the required speed

C. Determination of belt length: The belt length can be obtained as
𝐿 = 2𝐶 +

𝜋
𝐷 +𝐷
(𝐷 + 𝐷 ) +
2
4𝐶
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D. Distance between driven and driving pulley: the center to center distance between driving and
driven pulley is given as
𝐶 = 2𝐷 + 𝐷
Where,
D1 = diameter of the driver
D2 = diameter of the driving
C = Centre to center distance between driving pulley and driven pulley

(5)

E. Design for speed ratio for belt drive: velocity ratio for belt drive is the ratio between the velocity
of the driver and the follower (driven). It may be expressed mathematically as:
𝑁
𝐷
=
𝑁
𝐷

(6)

Where,
N1 = speed of the driver
N2 = speed of the follower
Therefore;
F. Determination of lap angle: the equation is expressed as follow
𝛼 = 180 ± 2𝑠𝑖𝑛

𝐷 −𝐷
2𝐶

(7)

Where;
α1 = angle of lap for driving pulley (rad)
α2 = angle of lap for driven pulley
C = center to center distance between driving pulley and driven pulley
G. Design for shaft
𝑇 =
TD = Design torque
KL = Load factor = 1.75 for line shaft
Thus, for diameter of shaft
𝜏
Where,

=

16
𝜋𝑑

60𝑃𝐾
2𝜋𝑁

(𝐾 𝑀) + (𝐾 𝑇 )

(8)

(9)

M = bending moment
For suddenly applied load (heavy shock), the following values are recommended for Kb and Kt
Kb = 2 to 3
Kt = 1.5 to 3
Selecting material of shaft SAE 1030
Sut = 527MPa
Syt = 296MPa
𝜏max ≤ 0.30 Syt
τmax≤0.18Sut
Where,
Sut = Ultimate yield strength
Syt = Yield strength
Fabrication procedure
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After the design is created the fabrication of the model was carried out according to the design. The motor
is mounted at the bottom which is a driving member which drives the pulley by means of a V belt. The
pulley drives the shaft mounted with cutters which performs the crushing action. The main components of
the machine are: crushing chamber, hopper, belt drive, pulley, power shaft, crushing blade or crushing
disc, electric motor, machine frame etc. The main function of the machine frame is to support, guide and
hold in accurate alignment all the moving members of the operating machine. The machine frame was
constructed from angle bar to give rigidity and stability that will withstand load and vibration. The
discharge end is located at the end of the disc while the crushing discs are fixed to the main shaft and
enclosed in the barrel. The machine is powered by an electric motor via belt drive connected to the main
shaft that turns the disc crushers. The hopper into which the plastic bottle is fed is located at the top of
machine (see figure 1 and 2). The design of the plastic bottle crushing machine includes the determination
of the force required to crush the plastic bottles and this required a proper selection of inexpensive
materials for the construction of each unit components. The bulk of the parts of the machine will be
fabricated using mild steel, this is because of its availability at relatively low cost in Nigeria and good
machining properties.

Figure 1; Plastic bottle crusher

Figure 2: Crusher blade

Machine operation
The raw materials (waste plastic bottles) are gathered from Nigeria streets and prepared by flattening, to
let out trapped air. The neck is thereafter chopped off because it is thicker than the remaining parts. The
flattened waste plastic bottles are placed under a guillotine and they are cut into chips. These chips are
thereafter fed into the hopper and passed through the feed throat where the chips are conveyed by the
screw thread into the crushing discs where they are crushed unto flakes. However, these crushed flakes
contain granules of small and large sizes which drop under gravity unto a perforated conveyor belt that
vibrates as it moves. The perforation is about 5mm so that the small granules are able to pass through it
and received by a trough while the larger ones remain on the conveyor belt and conveyed into another
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trough which has orifice that deposit it into a slant placed screw drive. This slant screw drive conveys the
larger particles through the manifold, back again into the hopper. This process is repeated until the desired
sizes of the granules are obtained which is further used for production of light or heavy dense
polyethylene materials.
Testing and experimentation
The testing was conducted after the fabrication is completed. In this stage, the components of plastic
crusher were examined for smooth operation and movement. Then the experimentation on crushing was
performed. The objective of design was to manufacture a Plastic bottle crushing machine to crush plastic
bottles of different dimensions. Experimentation was also conducted to test the agility of machine. Thus,
Plastic Bottles of different dimensions and quality were collected and an experiment was conducted. The
Experimentation data for Crushed Plastic Bottles is mentioned below in Table 1.
Table 1: Experimentation data

Brand of bottle
Coca-Cola
Nestle water
Pepsi
Faro water

Initial volume
(m3)
0.065
0.085
0.055
0.052

Final volume
(m3)
0.039
0.048
0.023
0.021

% reduction
0.4
0.43
0.58
0.59

The volume occupied by all the bottles were reduced to a certain percentage (Table 1) for any input length
and quality of material. Thus, it can be said that the Plastic Bottle Crushing Machine can crush bottles of
different dimension. After that, the percentage of crushed volume was determined. Subsequently the
percentage reduction in volume was calculated for all the crushed bottles. Reduction in volume was
calculated with the help of the following formula.
𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑣𝑜𝑙𝑢𝑚𝑒 =

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 − 𝑓𝑖𝑛𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒

(10)

Thus, the initial and Final Volume was found out by the dimensions of the Bottles that were measured.
The average percentage reduction was calculated to be 50%. The next stage of Experimentation was
performed to test the agility of Machine to crush cans. An aluminum Can of Coca-Cola was taken for the
experiment. There were no abnormal vibrations nor wear of cutter observed in the crushing process of the
can. Thus, it can conclude that the crusher can also crush aluminum Cans.
Conclusion
The plastic Bottle Crusher thus designed and fabricated is a unique, compact and portable Plastic Bottle
Crushing Machine. The final machine is an outcome of a series of processes, in which the first was
analysis and study of requirements and conceptualization of machine, then the Design and Fabrication
and finally the Testing of Machine. Thus, all the mentioned processes were successfully completed for the
Plastic Bottle Crusher. On an average the crusher reduces the volume of bottle to 40% of the initial
volume. It was found that the machine is capable of crushing aluminum Cans as well. The result of the
testing and experimentation carried out on plastic crushing machine design for domestic use revealed that
the crushing machine was effective and can be use across Nigerian cities. The plastic crushing machine
can help to reduce the volume of plastic bottle wastes dump indiscriminately across cities and this will
ensure average Nigerians live in a healthy environment
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