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The food and beverage industry contributes 65% to the total plastic packaging
demand and also produces plastic waste. This causes problems for the
environment, humans, and others, especially in the waste treatment process.
Because plastic is difficult to recycle by the soil or the environment.
Consumption of plastic packaging also reaches 65% of the total national plastic
consumption. To overcome this plastic processing, a plastic Waste processing
machine is made that can process and change the form of plastic waste into
other derivative products. The important thing in plastic processing machines is
the ability of plastic processing machines to produce products according to
consumer desires. The purpose of this research is to get the maximum capacity
of plastic Waste shredding, and to know the production capacity of plastic waste
in one process of enumeration. The experiment method is used in this research
to get the performance of the machine like voltage, power, cutting force of tool,
and cutting speed. Also Taguchi method are used to analyze of quality product
by varying shape of product waste plastic such as Cup 0.22l, Bottle 0.65I, and
Cap Bottle 191. In this test, a maximum capacity of 20Kg/hour was obtained by
using the plastic Cap Bottle 191 test material. By calculate of cutting force for
Cap Bottle 191 is obtained voltage 231.5 Volts and power 555.4 Watts at shaft
rotation 24.96 rpm. Cutting force of tool is 25.92 N and torque 1,68Nm with
cutting speed of 1.986 m/min. For Cup plastic 0,22l obtained the results on
voltage are 238.9 Volt and power 585.96 Watts by a shaft rotation of 25.1 rpm.
The cutting force of the tool is 54 N and torque 3.36 Nm with a cutting speed
of 2.025m/min. For the plastic Bottle 0.65I, the Voltage is 238.86 Volt and the
power of 595.9 Watts at the shaft rotation is 24.8rpm. Cutting force of tool is
119.23 N and torque is 7.75 Nm at the cutting speed is 1.97m/min.

1. INTRODUCTION

The minimal waste management [10-11] level is the
main cause of difficulties in processing plastic

A plastic shredder machine is a plastic waste
processing tool that is made to cut plastic waste into
small flakes or granules with a certain mass so that
it can be used or recycled. Plastic shredder machines
currently have various forms starting from the shape
of the shredder, machine capacity, type of cutting
edge, drive type mechanism, construction of
shredder machine and others where the function is
the same namely to treat plastic waste through the
process of shredding or cutting [1-9].
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waste. Plastic waste takes 20 years to decompose
completely and for plastic bottles even take 450
years to decompose. Plastic consumption increases
with the increasing population, so the volume of
waste generated also increases. Waste processing
currently uses the 4R concept, namely reduce,
reuse, recycle, and replace item with the potential
for plastic bottle waste to other materials [12-22].
As much as 45% of plastic waste is not well
managed of the total plastic waste of around 65
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million tons annually. Most plastic waste is
processed by the traditional process of burning in an
open space. This causes damage to the environment,
both the gas produced and the final product of
combustion that cannot be used anymore. To
overcome this traditional plastic processing, a
plastic waste processing machine was made that can
process and convert plastic waste into derivative
products such as plywood boards, floors, fuel,
household goods, and others. In this paper, plastic
processing machines are only used to shredder
plastic waste. Plastic waste are used in the shape of
Cups 0,22 1, Bottles 0,65 I, Cap Bottles 19 | and
others. Where this plastic waste material is made of
PET/PETE.

Plastic waste is processed by cutting using a plastic
shredding machine into flakes and the resulting of
flakes are processed into other products using
injection molding machine. Plastic waste shredder
machine consists of several components, namely the
holder frame, motor, plastic crushing chamber,
plastic crushing machine cutting bits, shafts, gears,
bearings and others.

The objective of plastic waste shredder machine is
get the size of the flakes cutting, shape of cutting,
voltage, and time to cutting processing. From
testing of plastic waste shredding machine is
obtained the performance of the plastic waste
shredding machine such as size and shape of
cutting, voltage and time for cutting processing.
Taguchi method are used to analysis of performance
of plastic waste shredding machine.

2. METHOD

In this study, experimental methods are used to
determine the capacity of the plastic waste shredder.
Requirement of product quality is dimension of
plastic waste shredder is smaller (less than 20 mm),
shape of cutting like rectangular, oval, round, and
random. Product quality analysis was carried out by
cutting process in shredder machine and using the
Taguchi method. By using Taguchi method type of
plastic waste, weight of plastic waste, dimension
and shape of plastic waste shredding is variable for
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dependent data. Independent data to analysis
performance of plastic are force cutting, torque,
time, voltage and electric power so that the
maximum capability of the plastic machine is
obtained [23-25]. Plastic waste of shredder machine
used plastic waste such as Cup 0,22 |, Bottle 0,65 Is
and Cap Bottle 19 Is.

Figure 1 shows the plastic shredder machine used in
this study. A plastic shredder machine consists of
frame components, electric motors, and shredder
blades. Hopper to accommodate the chopped
results, motors, gears, shafts and others.

Figure 1. Shredder Plastic Machine
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Figure 2. Stage of research
The stages of research in this study can be seen in
Figure 2 which includes observations of the
traditional plastic waste treatment process,
preparation of research equipment, testing with
variations in plastic mass, and analysis of research
results and conclusions.

2.1. Equipment and Materials

The equipment and materials used in this research

are:

1. Plastic Shredder Machine

2. Electric Motor. An electric motor with a power
specification of 1100 W, a voltage of 220 V and
a current of 9.8 A. The average engine speed is
1480 rpm and a mass of 22.5 Kg.

3. Digital Scales. Digital scales are used to weigh
the mass of plastic waste.

4. Multi meter. A digital multi meter is used to
measure the electrical voltage obtained on a
plastic chopper. The specifications of the digital
multi meter are:

Brand: A830

Power: 9V Battery

Maximum Voltage between Terminal and Earth
Ground: 1000vDC or 700VAC

5. Power meter. Power meter is used to measure
the output power of a plastic shredder machine.
The specifications are:

Brand: Taff Ware
Operating Voltage: 230V
Rated Power: 3680W

6. Tachometer. Tachometer is used to measure the
rotation of the shaft on a plastic chopping
machine.
Brand: DT
Test distance: 2.5 up to 99.999rpm
Accuracy: * (0.05%+a digit)

7. Stop Watch

8. Plastic Waste

2.2. Step of Research

This research uses an experimental method by
measuring the voltage and output power of a plastic
shredder machine, weighting the mass of
shredded/cut plastic waste and the Taguchi method
is used to optimize production capacity.
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The dimensions of the shredder plastic are 285mm,
245mm, 180mm, with a motor rotation of 1480 rpm
and an induction motor power of 1 HP, and 2 blades
with a diameter of 130mm in the shape of a disc.

2.3. Step of Collected of Experimental Data

The data collection procedure is:

1. Prepare of plastic shredder machine and
turn on the plastic shredder machine for 30
minutes (idle).

2. Select of plastic waste and weighing the
mass of plastic waste to be chopped.

3. Putin plastic waste into the plastic shredder
machine.

4. Measure the voltage and power when the
plastic chopper is cutting the plastic waste.

5. Measuring the time the process of cutting
plastic waste.

6. Measuring the mass of the results of the
plastic waste cutting process.

7. Repeat testing with variations in plastic
load and type of plastic.

2.4. Plastic Waste Shredder Machine Capacity
Calculation

The calculation of the capacity of the plastic waste
shredder is carried out using equations 1 to 3 [9],
namely:
1. Cutting force

F=A.fs (1)

Where:

F: For acting on the cutting edge (N)

A: Cross-sectional area of plastic of cutting

(mm).

fs: Shear stress of the material of cutting

10,368 — for plastic PET (ref. 9).

2. Torque of tool
T=F.r 2
Where:
T: Torque of cutting edge (Nm)
F: For acting on the cutting edge (N)
r: Length of cutting edge (mm)
3. Cutting speed of cutting edge

y1 = Zan 3)

" 1000.60

Where:
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V1: Cutting speed (m/s)
d: Diameter shaft (mm)
n: Speed (rpm)

3. RESULTS DAN DISCUSSION

3.1. Calculation Data and Experimental Results

The research on this plastic shredder machine got
the results that for the Plastic Cup 0,22 | test object
the value of the electric voltage was 238.9 V and the
electric power was 585.96 Watt with a shaft rotation
of 25.1 rpm. The cutting force value was 54 N and
the torque was 3 .36 Nm with rotation cutting speed
value 0.0337 m/s and cutting speed value was 2.025
m/min, and capacity of plastic shredder machine 10
Kg/hour or 167 g/minute. The shape of chopped
plastic Cup 0,22 | can be seen in Figure 3.

Figure 3. Plastic Cup 0,22 | shredded

In the Plastic Bottle 0,65 | waste test is got the
electric voltage value was 238.86 Volts and the
electric power was 595.9 Watts with a rotation
speed of 24.8 rpm. The cutting force value is 119.23
N and torque is 7.75 Nm with the rotation cutting
speed is 0.0328 m/s and the cutting speed is 1.97
m/min. The capacity plastic shredder machine is 8
Kg/hour or 133 g/min. The shape of chopped plastic
Bottles 0,65 | can be seen in Figure 4.

80 Adam Kamil

Figure 4. Plastic Bottle 0,65l shredded

For testing of the plastic Cap Bottles 19 | is get the
electric voltage value was 231.5 Volts and the
electric power is 555.4 Watts with a shaft rotation
of 24.96 rpm. The cutting force value is 25.92 N,
and torque value is 1.68 Nm with rotation speed
cutting is 0.0331 m/s and cutting speed is 1.986
m/min. The capacity of plastic shredder machine is
20 Kg/hour or 333 g/min. The shape of the chopped
plastic Cap Bottles 19 | can be seen in Figure 5.

Figure 5. Plastic Cap Bottles 19 | shredded

The average size of shredded plastic obtained is 2
cm, which is still included in the standard of the
Minister of Public Works Regulation No.3: 2013
concerning the mass of shredded waste, which is 2
cm as shown in Figure 6.
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c. Plastic Cap Bottles 191

Figure 6. Size of plastic waste shredded
Table 1. Mean of Experimental Results

Plastic

Plastic cup Plastic cap
Data bottles
7
0.221 0.651 bottles 191
Voltage 2389V 238,86V 2315V
Power 58596 W 5959 W 5554 W
Rotation 25,1 rpm 248 rpm 24,96 rpm
Cutting Force 54N 1192 N 2592 N
Edge
Torque of Edge 3.36 Nm 7.75 Nm 1.68 Nm
Cutting speed 0,033 m/'s 0,032 m/s 0,033 m's
Result of cutting 2.02 m/min 1{,9?.' 1.98 m/min
speed m/min
L 1002Kgh,  SRgm o kom
Capacity o= 133 =
167 grimin . 333 grimin
or/min

The overall test results of plastic waste with plastic
shredder machine can be seen in Table 1.
Furthermore, from the data in Table 1 obtained then
data processing is carried out using the Taguchi
method. The first step is to determine the
Orthogonal Array in which the test matrix is
perpendicular and balanced using design variables
and levels as shown in Table 2. The design variables
include the shape and mass of plastic waste and the
level variable, namely the amount of plastic waste
mass according to the shape of plastic waste.

Table 2. Variable design

https://doi.org/10.25077/metal.6.2.77-83.2022

. : Variation
Variable Design
Level 1 Level 2 Level 3
Plastic shape Cup 0,221 Bottles 0,651 Cap Bottles 191
Plastic weight
(Ke) 1 2 3

Table 3. Orthogonal Array defence of Time

Variable Design Time Results
‘Weight Time 1 Time 2 Time 3

Shape (Kg) (minute) (minute) (minute)
1 6,15 6,15 6,15
Cup 0,221 2 114 114 114
3 18,52 18,52 18,52
1 7.4 7.54 7.54
Bottle 0,651 2 15.43 15,43 15,43
3 22,39 22,39 22,39
Cap bottles 1 3.17 3,17 3,17
191 2 6,32 6,32 6,32
3 542 942 5,42

The results of data processing using the Taguchi
method are shown in Table 3. In Table 3 it can be
seen that the data processing results with 3 kg
capacity of plastic waste is 18.5 minutes for Plastic
Cup 0,22 | waste weighting 3 kg, 22.39 minutes for
Plastic Bottle 0,651 waste and 9.42 minutes for Cap
Bottles 19 | waste. From these results, the average
value (mean) from Design of Experiment (DOE)
with design variables is obtained as shown in Table
3. Plastic Cap Bottles 19 | waste is a shape of plastic
with the most influential factor on the speed of
cutting time so that it can produce with a plastic
shredder machine capacity with chopped up to 20
Kg/hour (see Figure 7). From this result, shows that
if the variation of plastic waste mass is increasing
S0 more cutting time required, as shown in Figure 8.
Where Figure 8 shows the results of the Signal to
Noise ratio in small is better, namely the smaller the
signal noise ratio value then the better of the factor
is obtained such as shown in the result of the shape
of the plastic Cap Bottles 19 | and the smaller the
mass tested then the faster the test time.
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Figure 8. Signal Noise Ratio for Shape and Weight
of Plastic Waste

4. CONCLUSIONS

From the research that has been done, it can be
concluded that the maximum capacity of the plastic
shredder machine is 20 Kg/hour with shape of
plastic Cap Bottles 19 | waste test. In testing the
capacity of the plastic shredder machine with shape
of Plastic Cup 0,22 | waste, the capacity is 10
Kg/hour or 167 g/minute. For shape of Plastic Bottle
0,65 | waste with a capacity of 8 Kg/hour or 133
g/minute and shape of Cap Bottles 19 | waste
obtained a capacity of 20 Kg/hour or 333 g/minute.
The voltage and power in the plastic shredder
machine test for Plastic Cup 0,22 | waste obtained
an electric voltage value of 238.9 Volts and 585.96
Watts of power with a shaft rotation of 25.1 rpm,
cutting force 54 N and torque of 3.36 Nm. The
cutting rotation speed is 0.0337 m/s and cutting
speed is 2.025 m/min. For Plastic Bottle 0,65 |
waste, the electric voltage value is 238.86 Volt and
power is 595.9 Watt with a shaft rotation of 24.8
rpm, cutting force 119.23 N and torque 7.75 Nm.
The cutting rotation speed is 0.0328 m/s and the
cutting speed is 1.97 m/min. For the Cap Bottles 19I
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waste counting, the electric voltage value is 231.5
Volt, and the power is 555.4 Watt with a shaft
rotation of 24.96 rpm, cutting force 25.92 N and
torque 1.68 Nm. The cutting speed is 0.0331 m/s
and the cutting speed is 1.986 m/min.

REFERENCES

[1] N.D. Jadhav, A. Patil, H. Lokhande, and D.
Turambe, “Development of Plastic Bottle 0,65l
Shredding Machine”, International Journal of
Waste Resources, Volume 8 Issue 2, 2018, pp.
1-4.

[2] A.W. Ayo, O.J. Olukunle, and D.J. Adelabu,
“Development of a Waste Plastic Shredding
Machine”, International Journal of Waste
Resources, 07(02), 2017, pp.1-4.

[3] M.L, Faiyyaj, M.R., Pradip, B.J., Dhanaji,
D.P., Chandrashekhar, and J.S., Shivaji,
“Design and Development of Plastic Shredding
Machine”, International Journal of
Engineering  Technology  Science and
Research. 2017, 4(10), 733-7.

[4] R. Darshan, and S., Gururaja, “Design and
Fabrication of Crusher Machine for Plastic
Wastes. International Journal of Mechanical
and Production Engineering, 2017, 5(10):55-8.

[5] L.R., Sekar, and K.S., Vinoth, “Utilization of
Upgraded Shredder Blade and Recycling the
Waste Plastic and Rubber Tire, International
Journal of Science and Research (IJSR), 2018,
pp. 160-165.

[6] A. Nuri, B. Dede, and B.S. Albertus, “Design
of a Plastic Shredder Machine”, IPTEK Journal
of Proceedings Series No. (3), 2019, pp. 35-39.

[71 A. David, and O.0. Joel, “Design and
Construction of A Plastic Shredder Machine
for Recycling and Management Of Plastic
Wastes”, International Journal of Science and
Engineering Research. 9 (5), 2018, pp. 1379-
1385.

[8] P.O. Awoyera, and A. Adesina, “Plastic
Wastes to Construction Products: Status,
Limitations and Future Perspective”, Case
Studies in Construction Materials 12, 2020,
pp.1-11.

[9] 1. Subhidin, E. Djatmiko, E. Maulana, Design of
a Plastic Chopping Machine Capacity of 75

https://doi.org/10.25077/metal.6.2.77-83.2022



ApAM KAMIL / METAL: JURNAL SISTEM MEKANIK DAN TERMAL - VoL 6 No. 2 (2022) 77-83

Kg/Hour, Proceeding National of Reseach
Universitas Muhamadiyah Jakarta UMJ E-
ISSN 2745-6080, PP.1-6, Website:
http://jurnal.umj.ac.id/index.php/semnaslit, (in
Indonesia Language).

[10] Y. Liang, Q. Tan, Q. Song, J. Li, An Analysis
of The Plastic Waste Trade and Management
In Asia, Waste Management. 119, 2021, pp
242-253.

[11] E. Niyitanga, A.Q. Sarmad, B. Muhammad, B.
Dami, M.N. Hafiz, and Igbal, “’Plastic Waste
and Its Management Strategies For
Environmental Sustainability”, Case Studies in
Chemical and Environmental Engineering,
Volume 4, December 2021, pp. 1-8.

[12] M. K. Biddinika, M. Syamsiro, A.N.
Hadiyanto, Z. Mufordi and F. Takahashsi,
“Technology for Public Outreach of Fuel Oil
Production From Municipal Plastic Wastes”,
Energy Procedia 142 (2017) 2797-2801.

[13] M. Syamsiro, H. Saptoadi, T. Norsujianto, P.
Noviasri, S. Cheng, Z. Alimuddin, and K.
Yoshikawa, “Fuel oil production from
municipal plastic wastes in sequential
pyrolysis and catalytic reforming reactors”,
Energy Procedia. 47, 2014, pp. 180-188.

[14] N. Hasyimah A.R., and A.Nor H.M.K,
“Development of PET Bottle 0,651 Shredder
Reverse Vending Machine, International
Journal of Advanced Technology and
Engineering Exploration, Vol 8(74).

[15] C.J. Chirayil, R.K. Mishra, and S. Thomas,
“Materials Recovery, Direct Reuse and
Incineration of PET Bottle 0,65ls”, In
Recycling of Polyethylene Terephthalate
Bottle 0,65ls, 2019, pp. 37-60, William
Andrew Publishing.

[16] E. Szostak, P. Duda, A. Duda, N. Gorska, A.
Fenicki, and P. Molski, “Characteristics of
Plastic Waste Processing In The Modern
Recycling Plant Operating In Poland”,
Energies 14 (1), 2021, 35.

[17] J.D. Gu, “Biodegradability of Plastics: The
Issues, Recent Advances, And Future
Perspectives, Environment Science Pollution
Control Series 28 (2), 2021, 1278-1282.

[18] S.S. Ali, T. Elsamahy, E. Koutra, M. Kornaros,
M. EI-Sheekh, E. Abdelkarim, and J.

https://doi.org/10.25077/metal.6.2.77-83.2022

Sun,”Degradation of Conventional Plastic
Wastes In The Environment, A Review On
Current Status of Knowledge And Future
Perspectives of Disposal”, Science Total
Environment, 2021, 144719.

[19] C.R. Cook, and R.U. Halden, Ecological and
health Issues of Plastic Waste, in: Plastic
Waste and Recycling, Academic Press, 2020,
pp. 513-527.

[20] I. Vollmer, M.J. Jenks, M.C. Roelands, R.J.
White, T. van Harmelen, P. de Wild, and B. M.
Weckhuysen, “Beyond Mechanical Recycling:
Giving New Life To Plastic Waste, Angew.
Chem. Int. Ed. 59 (36) (2020) 15402-15423.

[21] L. Shen, and E. Worrell, “Plastic Recycling”,
in: Handbook of Recycling, Elsevier, 2014, pp.
179-190.

[22] Y. Zheng, E.K. Yanful, and A.S. Bassi, “A
Review Of Plastic Waste Biodegradation, Crit.
Rev. Biotechnol, 25 (4), 2005, pp. 243-250.

[23] Hernadewita, 1. Rochmad, Hendra, Hermiyetti,
E.N.S. Yuliani “An  Analysis of
Implementation of Taguchi Method to Improve
Production of Pulp on Hydrapulper Milling”,
International ~ Journal of  Production
Management and Engineering, 2019, 7(2), pp.
125-131.

[24] H. Sascha, H. Lennart, F. Marc, M. Tobias, M.
Eugen, R. Tobias, and W. Jens, “Process
Parameter Determination for Small Recycling
Plants for the Production of Filament for FFF
Printing Using  The Taguchi  Method”,
Progress in Additive Manufacturing (2022)
7:87-97.

[25] M. Packianathera, F. Chana, C. Griffithsa, S.
Dimovb, and D.T. Pham, “Optimization of
Micro Injection Moulding Process through
Design of Experiments”, Procedia CIRP 12
(2013) 300 — 305.

Adam Kamil 83


http://jurnal.umj.ac.id/index.php/semnaslit
https://www.sciencedirect.com/journal/case-studies-in-chemical-and-environmental-engineering/vol/4/suppl/C

