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Abstract. According to the Ministry of Environment (KLH), Indonesia's average population produces
189 thousand tons of garbage per day. Of this amount, 15% is plastic waste or 28.4 thousand tons of
plastic waste per day. The famous handling of plastic waste is 3R (Reduce, Reuse, Recycle). Reduce is
reducing the purchase or use of goods made from plastic, especially disposable items. Reuse is the
repeated use of plastic-based items. Recycle is recycling goods made of plastic. The method used in
this design study is to use SolidWorks software by combining the literature study VDI221 to obtain
a variant of the design results that will be used. The study results do a plastic bench machine that is
integrated to produce plastic seeds, which are PET-shaped, which are extruded in a device that has
been brewed. From the results of the design in the data processing and design specifications of the
PET plastic waste-processing machine with the extruder method, the construction consists of several
units, namely, Shredder unit, Extruder unit, Cutter unit, and Machine frame. The shredder unit serves
to destroy plastic waste that is still intact in pieces before being processed in the extruder unit. The
extruder unit functions to melt PET waste to be extruded using a screw. The cutter unit operates to
cut processed extrusion waste into pellet granules. The engine frame is used to support the entire
engine unit. The results of the Plastic Waste Extruder Machine design process with an Autodesk
inventor are summarized in the following specifications: machine dimensions are 1625 mm long,
300mm wide, and 1325mm high; screw extruder uses a metering screw type with a diameter of
50.8mm (2 inches) with a length: diameter ratio of 20: 1, so the screw length is 1016mm, estimated
throughput rate = 84 Ib/h (42kg / h), the motor used is 5.5 PK (4 KW) with a rotation speed of 1450.
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1. Introduction

The lifestyle of using plastic for daily needs product significantly increasing plastic waste. According
to the Ministry of Environment (KLH) [1], Indonesia's average population produces 189 thousand
tons of garbage per day. Of this amount, 15% is plastic waste or 28.4 thousand tons of plastic waste
per day.

One of the popular methods for plastic waste handling is 3R (Reduce, Reuse, Recycle). Reduce is
reducing the purchase or use of goods made from plastic, especially disposable items. Reuse is the
repeated use of plastic-based items as much as possible. Recycle is recycling goods made of plastic.
Recycling is done by processing plastic waste that does not have economic value through physical or
chemical processes or both so that products can be used or sold again. Several methods and
technologies offered by the government in the Master Plan for Waste Management System (SPS)
masterplans include new waste utilization installations to become Briquette Energy (BE), emptying
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the location of TPSA over 10 years with a pattern of utilization of old solid materials into eco-valued
products, rearranging and revitalizing land that has been emptied at TPSA, building sanitary landfills
and utilizing methane gas in the further process of implementing sanitary landfills, and incinerator
technology for TPSA [1]. In addition to the government's methods above, several research bodies and
universities in Indonesia are also developing waste management systems such as making plastic
chopping machines, processing plastic waste into fuel oil, etc. But until now, these solutions have not
provided tangible benefits. To overcome this, we propose the design of a plastic waste processing
machine using the extruder method. The device will process PET type plastic waste into plastic seeds.
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Figure 1. Percentage of various type of waste

Sustainable Waste Indonesia (SWI) conducted research in the South Jakarta area in 2017, which
shows 1.3 million tons of plastic waste per year not correctly managed. For optimum waste
management, reliable waste infrastructure is critical. The central and local governments have the
responsibility for waste management. This waste management infrastructure includes stable waste
flow connectivity, transportation, collection systems, waste processing to produce safe residues [2].
Development of Plastic Waste Shredder with Crusher System and Reel Type Cutting Cylinder is
developing a plastic chopper with a crusher system and a reel-type cutting cylinder technical
evaluation. The engine performance testing results at 75 RPM crusher rotation and 1450 RPM reel-
type cutting cylinder engine capacity + 300 kg/hour at @ 1.5 cm filter hole, with 80% grain uniformity
[3]- This research aims to convert PP, PET, and PE plastic waste into oil fuel using the thermal
cracking method. This research shows that PP plastic produces the least amount of fuel but with the
fastest process. PET plastics do not have fuel products, and PP plastics produce energy with high
calorific content [4].

Figure 2. Screw

Waste is a raw material for making bricks. This research was conducted through an experiment
of plastic waste as a raw material for bricks with various compositions and manufacturing techniques
to produce environmentally friendly bricks. Based on the literature that supports the appearance of
the test results, it can be measured and observed that processing plastic waste into brick material
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can increase the economic value of solving waste problems [5]. Processing plastic waste into
innovative products as an economic improvement for coastal communities. This research aims to
empower the community so that it can improve the community's economy [6]. This research is the
creation of new jobs that are innovative from the home industry [7]. The screw is one of the main
components of an extrusion machine that functions as a driving shaft, cutter, and stirring the hot
polymer contained in the barrel, as shown in the Figure 2 [8].

2. Research Methodology

The German Engineers Association (Verein Deutscher Ingenieure / VDI) developed a product design
method known as the VDI 2221 method. This method is a systematic approach to design for
engineering systems and engineering products (Systematic Approach to Product and Technical
System Design) described by G. Pahl and W. Beitz, Overall, the work steps contained in VDI 221
consist of several stages [9]. To achieve the research objective, a methodology was utilized, which
consists of the steps of how the system was developed, as shown in Figure 3.

Specification Design Analysis

Figure 3. Research proposes methodology of plastic waste extruder machine

2.1 Specification of the plastic waste extruder machine
The extruder machine consists of the shredder unit, the extruder unit, the cutting unit and supported
by machine frame. The configuration of extruder machine/device was described in Figure 4.
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Figure 4. Specification of plastic waste extruder machine

In this case, the energy input is the motor as the primary actuator for a shredder, screw transfer,
and cutter-also, the heater for melting the waste inside the extruder machine. The output is residual
energy and pellet as a product.

2.2 Design of the plastic waste extruder machine

The extruder machine consists of the shredder unit, the extruder unit, the cutting unit, and the
machine frame. The configuration of the extruder machine will be described in Figure 5.
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Figure 5. of Plastic Waste Extruder Machine

92



Pranoto et al., [JATEC, Vol. 01, No. 3 (2020) 90-99

To get an appropriate design and the level of conformity with the tool that needed, some formulas
and equations were used, which are described as follows.

2.3 Screw design analysis equation

The first stage in screw design analysis and development is to determine concerning Length Ratio
with Screw Diameter (L/D); from this value determination data, the value of the ratio can be
obtained, which will be used in the size of the desired design screw, the percentage of the diameter
value obtained is L/D = 20/1. Furthermore, the second arc was utilized is to determine the length of
each screw section, which can be obtained a measurement of feeder section (Lf) where Lf =5/20 L,
then select the size of compression section which can be obtained the value of the length of
compression section (Lc), Lc = 8/20 L, after that how to determine the size of the end of metering
which can be obtained Lm = 7/20 L. The next step is how to find the Feeder Depth value where Fdmax
= 0.2 and the final depth of metering can be calculated By using the compression ratio formula = hf /
hm; and the value can be obtained, the next step is to determine the number of screws which can use
the formula S = tg a .mt da for screw width can use the formula FW = 0.1 D.

e Throughput Rate Estimation
The second stage in the design process for the plastic waste extruder machine is to determine the
throughput rate, using the following equation:

Rate=23xD2xhmxSGxN (lb/h) (D)

e Development of Barrel
The third stage is the development of the barrel, using a formula or equation like the following:

6 gt .DZ L. (2)

Pmax =
HZ tan ¢

e Extruder Unit Power Estimation
The next stage is the third stage in the process of designing a plastic waste extruder machine, which
is the power estimation unit which uses the following equation:

Pm = Rate x AT x HV (3)

e Development of Shredder Blade
Development of shredder Blade previous research [10], the cutting forcer of the knife can be searched
by the formula:

Fplade = A. Fs

The results of these calculations can be found torque value on the blade.
Thiade = Folade.I (4)

e Shredder Unit Power Estimation
Determining blade power requirements for PET material can be calculated using the formula:
Ps = Fkuite. (2T.rpm) / 60 (5)

e Motor Power Requirement

The most important thing in this design is how to determine the correct motor[11], in this case to get
the desired motor needs in making the plastic waste extruder is to use the following formula in this
section as in equation 5.

P=Pe+Ps (6)
3. Result and Discussion
The shape of the screw that is designed is a metering screw, with the difference in screw depth in

each feeder area, the compression section, and the end part. In screw planning, the known
parameters are screw diameter (D) = 2" (50.8mm).
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¢ Length Ratio with Screw Diameter (L/D)
The length ratio with screw diameter in the thermoplastic extrusion process is in the range of 20: 1 -
32: 1. In this planning, a 20: 1 parameter is selected so that the length of the screw can be calculated

using the formula:

L/D =20/1
L =20x50.8mm
=1016 mm

e Length of each screw section

. SLD | 10LD 11L/D

e

| —

Figure 6. Each Section Length Ratio

A Screw has parts including (a) feeder part, (b) compression section, and (c) end part or metering
Figure 6. The ideal feeder part of the screw with a 20: 1 L/D ratio is between 4 - 5 times the screw
diameter while in the compression section is 5-10 times the screw diameter. In this design, it is
determined the division of length of each screw section as shown below. Therefore, the length of each
part can be calculated as shown it Table 1.

Table 1. Calculated length of the screw plastic waste extruder machine

5L/D 10L/D 11L/D
Length of feeder section (Lf), Lf 5/20L;5/20.1016 mm 254 mm
Length of compression section (Lc), Lc 8/20 L 8/20.1016 mm; 406.4 mm
Length of the end or metering (LM), Lm 7/20 L 7/20.1016 mm; 355.6 mm

e Feeder depth
Fdmax = 0.2D =0.2 x 50.8 mm = 10.16 mm

e Final depth of metering
Compression ratio for threads with L:S is 20:1 ratio and generally ranges from 2:1 to 4:1. The
compression ratio can be calculated by the formula:

Compression Ratio = hf/ hm

hm =10.16 mm/ =2.54 mm

e Number of screws

The number of screws along the shaft can be determined by calculating the variables below first. The
known parameter is the pitch screw angle which in the polymer extrusion process or thermoplastic
pitch screw is equal to 17.59. Furthermore, for distance between screws can be seen in the Figure 7.

|——screw pitch —

“17.7

Figure 7. Screw Construction
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A calculation is obtained from the plastic waste extruder machine from the screw-making design
results, which includes determining the number of screws. After the desired number of screws is
received, the next step is to analyse the design results on the screw along the shaft. After that,
examine the screw width to obtain the appropriate screw design results, as shown in Table 2—the
analysis of screw design calculations.

Table 2. Calculation screw design and throughput rate

Determine the S=tan 17.5°. 7. 50.8 mm = 0.315 m.50.8 mm = 50,246 mm
number of screws ~ 50.25 mm
The amount of screw  ns=L/S
along the shaft ns = (1016 mm) / (50.25 mm) = 21.2 mm
. FW=0.1D
Screw width FW = 0.1. 50.8 mm = 5.08 mm
Throughput Rate Rate=23xD2xhmxSGxN (lb/h)
Estimation Rate =2.3x2x0.125x0.759 x 100 =79.351b / h

e Stress analysis of screw extruder

Stress analysis is an analyzes of stresses and strains with force stresses that occur in materials and
structures that experience physical quantities from internal and external forces that can experience
material deformation [12]. The stress analysis of screw extruder can be seen in this picture below.

von Mises stress (Pa)
26225606

24477232
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22728858
L 20080484 .
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+ 69934025

52451195
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1748370
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Figure 8. Stress Analysis of Screw Extruder
e Development of Barrel
In this design, the known parameters are barrel using cast iron material that has a tensile strength
(oy) = 925 MN/m? with a safety factor (SF) used is 2.5. Screw diameter is 63.5 mm, the screw L/D
ratio is 24: 1, the pitch screw angle (f) is 17.50, the screw height in the metering part (H) is 3.175
mm. The screw rotating speed is estimated at 100 rpm first and the maximum melt viscosity of the
polymer when it melts is 500. From this parameter, the maximum pressure (Pmax) that the barrel
receives is based on formula 2. 100

6.7.63.52 . (24, m).(W
3,3752.tan 17.5°

).500

Pmax =

Pmax = 253 MN/ m?, Von misses stress related to the yield stress of the material, in this case, is the
barrel of the extruder machine. From the results of the above pressure, calculations can be calculated
hoop stress and axial stress.

Circumferential stress (01) = (Pmax. D) / 2h

Longitudinal stress (02) = (Pmax. D) / 4h
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A Von Misses failure will occur if
2
(ﬂ) < 01?4+ 02?2 — glo2

FS

925\*  ((253)635\° [(253)635)° [(253)*(63.5)
(ﬁ)_( 2h )J“( 4h )_( 8h? )
hx12 mm

From the calculation above the minimum barrel wall thickness is 12mm.

e Stress Analysis of the Barrel
The barrel on extruder machines is subjected to circumferential stress and longitudinal stress. The
stress analysis of the barrel can be seen in this picture below.

Type: Von Mises Stress
Unit: MPa
6/22/2019, 2:49:18 PM

713.6 Max

570.9

428.2

o
>

2854

142.7

0 Min

Figure 9. Stress analysis of barrel
e Extruder Unit Power Estimation
To calculate plan power, formulas can be used formula 2, obtained the calculation results on the
determination of the extruder unit power estimation, where:

AT  :extrusion temperature difference - room temperature (465.5 °F- 75 oF = 390 oF)
HV  :heatvalue (PE =0.55BTU / Ib °F)

Pm :54.551b/hx390°F x 0.55BTU / lb °F

Pm :11700,975BTU /1lb°F=11700,975 BTU / Ib °F x 0,000393 = 4.59 PK (3.42KW)

e Development of Shredder Blade

The designed blade is a type "S" with a hole in the center for mounting a blade on a rotating shaft
[13]. The blade has two blades where the front and rear sides of the blade have an 80°-100° angle to
the body blade. The illustration of the blade can be seen in the picture below.

5,00
% -
% J——— .
'/" @28,08
/ . 928,
‘'® \
’_/ Sy \
/ \
i \
5.} 210043
1 " ' -
x\ /
\ /
\ / 2
\ /
\, /
Mt #
< ¥ . —
- bt

o ——

Figure 10. Blade Construction
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Figure 11. Assembly of blades connected to a shaft
The cutting forcer of the knife can be obtained by the formula 1.3 and the result of these
calculations can be found torque value on the blade:

Fplade = 65.45 cm2. 12.6 Kgf/cm? = 824.64 Kgf = 8087 N
Thlage = 8087 N. 0.06 m = 485.22 Nm

e Stress Analysis of the Blade
The stress analysis of the blade can be seen in this picture below.

Type: Von Mises Stress

Unit: MPa

23/06/2019, 15:30:51
599.6 Max

480.4
361.2
242

122.8

3.6 Min

Figure 12. Stress Analysis of Blade

e Shredder Unit Power Estimation

Determining blade power requirements for PET material can be calculated using the formula:
Ps = Fkuite. (2.rpm) / 60
Ps=485.22 Nm. (21t100) / 60 = 5078 W (5 kW)

e Motor Power Requirement
The need for a motor in develop this Plastic Waste Extruder Machine has a vital role, in connection
with the need for a motor to rotate the shaft when plastic waste has entered the heater on the
previously designed screw, based on formula 1.5 can analysis need results motor power
requirement.

P =3.42kW + 5 kW =8.42 kW
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e [sometric design plastic waste extruder machine

From several calculation analyzes of several components, the following is the design of a plastic waste
extruder machine that has been made isometrically using Autodesk Inventor software, can be seen
in Figure 13.

Figure 13. Design final plastic waste extruder machine

4. Conclusion

The design of the plastic waste extruder machine can handle the problem of increasing plastic waste.
The design consists of several units: shredder unit, extruder unit, cutter unit, and machine frame. The
shredder unit serves to destroy plastic waste that is still intact in pieces before being processed in
the extruder unit. The extruder unit functions to melt PET waste to be extruded using a screw. The
cutter unit works to cut processed extrusion waste into pellet granules. The engine frame is used to
support the entire engine unit. The results of the Plastic Waste Extruder Machine design process with
an Autodesk inventor are summarized in the following specifications; Machine dimensions are 1625
mm long, 300 mm wide, and 1325 mm high; screw extruder uses a metering screw type with a
diameter of 50.8 mm (2 inches) with a length: diameter ratio of 20:1, so the screw length is 1016 mm,
estimated throughput rate = 84 1b/h (42 kg/h), the motor used is 5.5 PK (4 KW) with a rotation speed
of 1450 rpm.
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