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Abstract. This study focuses on the manual process of transferring plastic
pellets into the plastic molding production machine, in which the operator
brings the plastic pellets up to the top of the plastic molding production machine
due to the high hopper on the plastic molding production machine. The goal of
developing a plastic pellet autoloader tool is to automate the process of
removing plastic pellets in order to shorten the process time for transferring
plastic pellets into the hopper of a plastic molding production machine. The
Root Cause Analysis method was employed in the research, which involves
identifying difficulties that arise during the removal of plastic pellets and
learning how to solve those problems. The result from the research conducted
on the process of removing plastic pellets before improvement took 10,832.39
seconds to reach the target of 25 kg, while the results obtained after
improvement were 467.32 seconds to reach the target of 25 kg. If the percentage
can cut the cycle time by 95.68%.
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1. Introduction

Many product on the market are made from plastic as a substitute for metal items. The
plastic molding production process has a workflow starting from the arrival of the plastic
pellet material, processing the plastic material such as mixing the original material with
dye, the process of feeding the plastic pellet material into the production machine until
the product is finished and ready to be sent to consumers.

One of the important processes when a plastic molding machine is operating is the
process of transferring plastic pellets into the plastic molding production machine.
Manually, the plastic pellets are brought up to the top of the plastic molding production
machine by the operator, this is because the hopper on the plastic molding production
machine is high. This stage requires time, so production time is less than optimal. Apart
from that, this manual stage has the potential to cause accidents for the operator due to
its high position, as an illustration can be seen in Figure 1. This problem can be solved
using a hopper feeder machine, where this machine will significantly help the process of
moving plastic pellets from the source to the hopper.
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using a hopper feeder machine, where this machine will significantly help the process of
moving plastic pellets from the source to the hopper.

Fig. 1. Manual feed plastic into hopper injection molding by operator [1]

Pranajaya, et al. [2] conducted research that discussed raw materials falling to the floor
when being transferred to a mixing machine and the existing raw material storage
container could not allow all the raw materials to be sucked into a machine that uses a
vacuum autoloader. This problem can be solved by using a transfer platform to carry out
the process of moving raw materials and a new container trolley so that all the raw
materials can be sucked into a machine that uses an autoloader and also the tool has been
designed based on the anthropometry of the Indonesian people so that it is comfortable
to use. Pambudi, et al. [3] conducted research that discussed constructing an autoloading
tool for plastic pellet raw materials using a universal motor as the main component, a
dimmer as a speed controller and a TDR (time delay relay) as a working time controller.
It can be concluded that the effect of torque on the suction power and filling time of the
plastic pellet raw material is influenced by the power and input voltage. If the input
voltage is greater, the power will increase as well as the torque will be greater, the
influence of torque on the suction power and filling time will be faster, with varying
voltages at the same load.

Currently, the plastic industry at PT Cosmetic Mirror Indonesia, which operates in the
field of cosmetic packaging design and manufacturing, still uses plastic feeders
manually. For the sake of operator safety and increasing productivity, it is very important
to carry out research on plastic pellet autoloader machines to reduce the risk of accidents
for operators and reduce production time at PT Cosmetic Mirror Indonesia.

The aim of this research is to determine the structural strength of autoloader equipment
using finite element simulation and the cycle time values of plastic molding production
machines.

2. Method

2.1 Material and Design of Autoloader

The design of the plastic seed autoloader machine uses a hollow iron frame with ASTM
A36 material measuring 50 mm x 30 mm x 2 mm. The vacuum machine used is the
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HB750W Rotor Ring Blower series. This design considers aspects of use that are
compact and easy to move. Figure 2 is the design of a plastic pellet autoloader machine,
where the specifications of the plastic pellet autoloader machine are shown in Table 1.
The design in this research uses the rules described by Sigley [4] and also adopted the
other researcher [5, 6].

Table 1. Specification of Plastic Seed Autoloader Machine

Item Value

Length 470 mm

Width 500 mm

Height 755 mm

Main Frame Hollow tube (50x30x2)

Top vacuum tube Stainless Steel Plate (1100x 300x2)

Middle vacuum tube Stainless Steel Plate (1100x120x2)
Bottom Vacuum tube Stainless Steel Plate (1100x150x2)

Controller TT-300G Series Loader Control
Engine Rotor Ring Blower HB-750W
Locking Spring Loaded Toggle Clamp —J111

| Spring Hose

Top, middle and bottom
of Vacuum Tube

Panel
Controller

Fig. 2. Design of Plastic Seed Autoloader Machine

2.2 Research Method

This research uses a numerical calculation method where the process is to look for the
effect of certain treatments under controlled conditions [6, 7, 8]. In this research, we will
discuss the effect of bending pressure on the autoloader frame due to motor and vacuum
pipe loads. The flow diagram of this research can be seen in Figure 3.
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Fig. 3. Research Flow Chart

This research starts from the design process of the shape and material of the plastic pellet
autoloader machine, the component manufacturing and assembly process, testing the
control function and machine work, testing the plastic pellet transfer time. The test
results were analyzed to find out the conclusions as presented in Figure 2.

2.3  Finite element method

Finite Element Analysis (FEA) is used to simulate the plastic pellet autoloader frame
material. The material used in the frame is ASTM A36 hollow iron. The aim of this FEA
is to determine the strength of the frame structure which is indicated by the similarity of
the color of the frame structure being tested and the graph in the FEA simulation. In
simulating the strength of frame structures, FEA simulation ensures that the frame
structure used is capable and can be used to carry loads according to the calculations
made. Solidworks software is used in simulations on the design of a plastic pellet
autoloader as in Figure 4.
ﬂF
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Fig. 4. Model and Boundary condition of main frame

The FEA simulation that will be carried out on the plastic seed autoloader frame as in
Figure 4 contains several components that are supported on the frame, so there are 3
FEA simulation points that will be applied to the frame. Based on the research results,
the calculation of the loads that occur on the frame aims to determine the forces that
occur at each support. In Figure 3 you can see that there are several components that
are supported on the plastic pellet autoloader frame, including the blower ring rotor,
vacuum tube, and controller. The results of data collection on the weight of the
components supported on the frame are explained in Table 2.

Table 2. Mass and weight of parts in the plastic pellet autoloader

No. Parts Amount Material Mass (kg) Weight (N)
1 Rotor Ring 1 Steel 22 215,82
Blower
2 Vacuum tube 3 Stainless steel 5 495
3 Controller 1 Steel Plate 1 9,81
Total 28 275,13

2.4  Cycle time

Cycle time analysis is often called cycle time reduction. This is a strategy to reduce
processing time so that productivity increases. The cycle time efficiency of the plastic
pellet transfer process can be calculated using equation 1.

1-¢£2

t1

Cycle Time = L X 100% €))
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3. Result and discussion

The results and discussion of this research include the results of frame simulation
analysis using Solidworks 2020 software, cycle time test analysis and the realization of
a plastic pellet autoloader machine.

3.1 Analysis and discussion of main frame

The simulation results are stress (von-Mises) based on Figure 5, the largest von Mises
stress value is 2,175 x 106 N/m? which occurs in the plastic pellet autoloader frame,
while the yield strength value that occurs is 2,500 x 108 N/m2. Based on the simulation
results, the frame can be considered safe because the stress value does not exceed the
yield strength of the plastic pellet autoloader frame.

von Mises (Nfm*2)
2175e+06
' 18932406
L 18126405

- 1631es08

L 1450e405

. 1269406

L 1087e+06

L 9061e+05

| 72490405

_ 5437405

3.625e+05
18122405
2737e+01

— B Vield strength; 2,500¢+08

Fig. 5. von Mises Stress due to applied load
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Fig. 6. Displacement

Based on Figure 6, the results of the total deformation simulation on the plastic pellet
autoloader frame show that the largest displacement occurred, namely 0.008962 mm,
which occurred in the plastic pellet autoloader frame, while the smallest displacement
value was 0.001 mm which occurred in the plastic pellet autoloader frame.

3.2 Analysis and discussion of cycle ime

Plastic pellet autoloader engineering in the process of moving plastic pellets according
to the analysis of test results that have been carried out with results before improvement
takes an average of 10,832.4 seconds to reach the target of 25 kg, then after improvement
the average result is 467.3 seconds to achieve target 25 kg. So we get a time difference
0f 10,365.1 seconds. Figure 7 is a graph of plastic pellet autoloader improvement. Based
on Figure 7, it can be concluded that the improvement of the plastic pellet autoloader
has an effect on reducing the cycle time of the plastic pellet transfer process.
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Fig. 7. Improvement of cycle times

Conclusion

Plastic pellet autoloader engineering to reduce cycle time in the process of moving
plastic pellets according to analysis of test results that have been carried out with results
before improvement took 10,832.39 seconds to reach the target of 25 kg, then after
improvement the results obtained were 467.32 seconds to reach the target of 25 kg. So
we get a time difference of 10,365.07 seconds, if the percentage is calculated it can
reduce the cycle time by 95.68%. There was an error factor during tool testing in the
form of a leak in the connection between the vacuum tubes and a leak in the hose
connecting the plastic molding production machine with the Autoloader tool which
resulted in a lack of vacuum level so that the plastic pellet transfer process was less than
optimal.

References

1 https://dienamics.com.au/blog/our-new-injection-moulding-machines/ (accessed
17-10-2023)

2 A. Pranajaya, L. Widodo, and .W. Sukania.: “Perancangan Panggung Penuangan
yang Ergonomis untuk Mengurangi Waste Pada Proses Mixing dan Perancangan
zVa a§1 Bahan Baku pada PT. Elastis Reka Aktif,” SINERGI, vol. 8, pp. 155-164,

2014).

3 P. E. Pambudi, D. Setiyawan, and G. Santoso.: “Analisis Pengaruh Torsi Motor
Terhadap Daya Hisap Dan Waktu Isi Bahan Baku Plastik Pada Alat Autoloading
Berbasis Vakum,” Jurnal Elektrikal, pp. 53-58, (2021).

4 R.G. Budynas, dan J.K. Nisbett.: Shigley s Mechanical Engineering Design. 9 ed.
s.l.:The McGraw-Hill Companies, Inc. (2011).

5 0. Riadi.: Rancang Bangun Alat Bantu Pemasangan Plafon dengan Sistem Semi
Otomatis (Proses Pembuatan). s.1.:POLITEKNIK NEGERI SRIWIJAYA, (2020).

6 H.P.A.S. Sumargo.: Perancangan Alat Pengemas Vakum Untuk Produk Olahan
Jamur Tiram Dalam Rangka Meningkatkan Nilai Jual Dan Masa Pakai. Surakarta:
Universitas Sebelas Maret, (2012).



Design and Analysis of Autoloader Equipment to Assist the Loading Process 457

7 Sugiyono.: Metode Penelitian &  Pengembangan (Research and
Development/R&D). Alfabeta, Bandung. (2019).

8 J.W. Creswell, J.D. Reswell,. Research Design.: Qualitative, Quantitative, &
Mixed Methods Approaches. Sage, Los Angeles, (2022).

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Design and Analysis of Autoloader Equipment to Assist the Loading Process of Polypropylene Plastic Seeds in the Injection Molding Machine: Study Case

