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Abstract The goal of this study is to create a model, remove the core cavity, and
construct an injection molding apparatus for making a plastic cup. The mold flow
investigation of the part is conducted by Autodesk code in the core cavity style. The
tool can be configured to produce a good-quality part while taking into account the
simplicity of manufacture, assemblage, and constructive part expulsion. The device
style should meet the apparatus specifications, and it may be the identical throughout
the part’s or products productive lifetime. While ensuring high productivity, quality
must be compromised to some level. Similarly, production will be reduced when
efforts are focused on improving quality. To ensure good quality and productivity,
machining parameters must be optimized. The purpose of this study is to present
the conditions of the plastic injection molding process. The processing conditions
were suitable for the production of a high-quality product. It is one of the utmost
common and versatile techniques for developed sophisticated plastics constituents
with outstanding dimensional tolerances. Injection molding is most popular when
good quality, high tolerance, and fast production rates are essential.

Keywords Injection molding process * Die + Cup and plate - Parameters *
Machining - Quality Characteristics *+ Mold design

1 Introduction

Injection molding is the most widely utilized thermoplastic molding technique. The
ability of thermoplastic materials to soften when heated and harden when cooled has
been supported. As a result, the procedure entails softening the fabric in an extremely
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hot cylinder, before pumping it stressed into the mold chamber, where it hardens as
it cools [1]. Within the cyclic operation, each step is dispersed in its own zone of
equivalent equipment. When the plunger is withdrawn, granular material (polymer)
is fed from the hopper into the barrel [2]. The cloth is subsequently pushed into the
heating zone, where it is heated and softened. The chemical substance spreads into
a thin coating surrounding the sink, allowing for rapid heating.

This new material pushes the already melted chemical compound forward through
the nozzle that is in direct contact with the mold [3]. The melted chemical substance
pours into the mould cavity through the disorder, runner logic gate. The clamping
action of the press platen forces the mold to shut tightly [4]. Before the mold is opened
and the produced half is released, the fabric inside the mold should be cooled stressed
below. Injection molding is a manufacturing technique that uses both thermoplastic
and thermoset plastic materials to create components [5]. Melted plastic is inserted
into a mold at a great pressure, creating the inverse of the products contour [6].
Molds are made from metal, sometimes aluminum or steel and accuracy machined
to make the alternatives of the required half once a product is planned, sometimes
by an engineer or industrial designer [7].

For thermoplastic polymers, injection molding is a primary net shaping process.
The injection molding process is used to make more than 30% of all plastic parts.
This is a highly preferred method in the manufacturing business because it can make
complex-shape plastic goods with high dimensional precision and quick cycle times.
Automobile manufacturing, exteriors, and casings of things such as mobile phones,
computer monitors and further devices with a thin shell feature are typical examples

[8].

2 Literature Review

A lot of research is existence done to figure out what is going on, identify crucial
components, and possibly mold the processes. The majority of recent research has
been based on theoretical, computer-based replication prototypes, and realistic exper-
imental judgments [9]. Some researchers attempted to investigate whether tooling
elements such as mold material had a major impact on sink marks. Injection temper-
ature and holding time are considered handling variables in mold manufacture. They
discovered that allotment time was more significant than injection temperature [10].

3 Methods and Methodology

Injection molding has been difficult method for several producing associate in
researches to provide product meeting requirement at an efficient means. The
subsequent flow chart shows the methodology of this work. Figure 1 shows the
methodology of injection molding.
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Fig. 1 Methodology Literature review
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The methodology adopted is achieving the said objectives can be illustrated as
follows. Theoretical study about molds and their characteristics, additive manufac-
turing, polymer composites and various characterization techniques with appropriate
standards. Obtaining the conceptual design of the cup and plate using AUTODESK
Fusion 360 using final product, obtain the conceptual design of cup and plate mold
using AUTODESK Fusion 360. Material Selection and Procurement. Obtain a final
mold and find the analysis of various method parameters of injection molding method,
calculations of different parameters [11].

Mold filling, plastication, and cooling with hardening will be separated into three
independent steps in a single injection molding cycle. Plasticization: This phase
is carried out within the injection component and is comparable to extrusion. The
fabric method characteristics of the plastication stage determine the compound flow,
a grouping of fabric physics, screw speed, back pressure, and shear, barrel temper-
ature. The main goal is to create a uniform softening for the resulting phase of the
process, regardless of where the cloth enters the mold. The back pressure, screw
back temperature, and cylinder temperature are molding constraints that switch the
plastication phase [12].
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Fig. 2 Cup design

3.1 Objectives

e To design a cup, plate and mold by AUTODESK fusion 360 software.
e To manufacture a polypropylene cup and plate by injection molding.
e To analyze properties of polypropylene material.

3.2 Product Design

321 Cup

A cup is associate open-top instrumentation accustomed to hold liquids for running
or drinking; whereas chiefly used for drinking, it can also be accustomed to store
solids for running. Cups square measure used for termination thirst across a large
vary of cultures and social categories and completely different kinds of cups could
also be used for various liquids or in several things. Cups of various designs could
also be used for various varieties of liquids or different foodstuffs, in several things, or
for adornment. Cups square measure associate improvement on exploitation cupped
hands or feet to carry liquids. Figure 2 shows the cup design [13].

3.2.2 Mold

The phrases mold and die are commonly used to define the device used to make
plastic components in molding. Molds are exclusive to produce, hence they were
normally only used in fabrication where thousands of components was being made.
Beryllium copper alloy, aluminium, pre-hardened steel, hardened steel, aluminium
are common materials for molds [ 14]. The optimal of fabric to manufacture a mold out
of is essentially one of economics, steel molds are normally additional expensive to
concept, but their lengthier life covers the advanced original price over the next variety
of components created formerly performing. Pre-hardened steel molds are fewer wear
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resilient and are employed for lesser capacity needs or superior constituents, normal
Rockwell-C hardness is 39-47.

3.2.3 Mold Structure

The injection mold, ejector plate, runner plate, and base plate are the first four compo-
nents in the mold. Plastic resin go in the mildew over a gate or sprue within the injec-
tion mold, the purpose of the sprue bushing is to closure warmly beside the needle
of the injection barrel of the molding device and consent molten plastic to glide
from the container into the mold, also identified as the hollow space. The molten
plastic is directed to the hollow space photographs through channels by the sprue
bushing. Because these stations consent plastic to run alongside them, they are known
as runners. The melted plastic travels over the contender and into the empty area,
passing through one or more specialized gates. A mold is normally built so that the
precast element dependably stays on the ejector facet of the tube as it unlocks, and
the sprue and runner are drawn out of the facet with the pieces. When the element is
dislodged from the facet, it falls freely [15].

3.24 Mold Machining

Molds are made using dual common techniques, modern machining, and electric
discharge machining. Injection molds have historically been constructed using stan-
dard machining in its traditional form. With technical advancements, CNC machining
has become the primary way of producing additional intricate molds with further
precise mildew information in less time than outdated procedures. The method not
only allows for the creation of difficult-to-machine shapes, but it also allows for the
creation of pre-hardened molds that do not require any heat treatment. Figure 3 shows
the mold design and assembly [16].

Fig. 3 a Mold design and b assembly
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3.2.5 Base Plate

The clamp plates are used to connect the mold halves to the molding plates. Mold
clamps are held in place by large bolts, while some machines employ magnets to
keep mildew on the plates. The two parts of the tube must first be properly closed
with the clamping device before the cloth can be injected into it. Each partial of the
mildew is connected to the injection molding machine, with one half permissible
to slide. The mildew splits are pushed calm by the hydraulically powered fastening
unit, which uses enough pressure to keep the steel securely locked while the fabric
is introduced. The quantity of period it takes to nearby and lock the gate depends
on the machine, superior machineries those with more fastening services will take
lengthier. The gasping cycle period of the gadget can be used to evaluate this period
[17].

3.2.6 Ejector Plate

A series of pins or bars are used to push parts away from the core. The Ejector System
is the name given to these series. After enough time has passed, the cooled section
can be evacuated since the mold using the ejection apparatus, which is friendly to
the rear half of the mold. When the mold is opened, a mechanism is used to force the
part out of it. Because the item shrinks and adheres to the mold as it cools, it takes a
lot of force to get it out. To aid in part ejection, a mold relief agent can be scattered
over the outsides of the mold cavity earlier to measurable injection, after the part has
been expelled, the mold can be clamped shut, permitting the subsequent shot to be
injected [18].

3.2.7 Cavity or Mold Part

The sections of the mold where the part is molded into the required shape are known
as cavities. Because molds must be balanced, only a fixed amount of cavitations are
usually permitted. The cavity plate is made up of a hollow section where the object
will be produced. To contest the precise dimension with the punch and cavity plate
is off-centered. In direction to release the finishing product generated from the mold,
the cavity plate will be separated into two sections [19].

3.2.8 Runner Plate

In a sprue, plastic runs via the sprue bushing, then to individual runners, which
transport the material to the gates, which serve as the material’s entry point into the
individual cavities. It is possible to reground (chopped up) and reuse the sprue and
runners. A hot runner system can be used to eliminate them [20].
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4 Result and Discussion

Because raw materials are getting scarcer and more expensive, and energy costs are
rising, the mold design approach should not only focus on cost reduction, but also on
lowering source feasting and emissions over the course of its full life cycle. Injection
molding presents four difficult defects like weld lines, warpage, sink marks shrinkage.
In many circumstances, especially for parts with complex geometry, the development
of them is unavoidable. Based on a survey of the literature, we can deduce that the
majority of studies have focused on process parameters and product geometry [21].
It is simple to control faults by choosing the right geometry and settings. Process
parameters can be changed at any point during the process, however other aspects
such as mold design and material have cost and time constraints, whereas the use
of a cooling passage can advance product quality while increasing cycle time and
cost. Although the plastic injection molding process is complicated, by managing
the process environment, the product can be manufactured with fewer faults [22].

Process parameters were discovered to play a significant function in the process
through a literature review. Other post-process variables, such as mold/product form,
size, and geometry, as well as machine setup, were not as critical as process param-
eters. Pneumatic injection molding for the manufacture of polymeric components
in small sizes, the molding process in small scale industries is becoming increas-
ingly important [23]. Because of its low cost and short cycle time, this technology
has the potential to play a significant role in the polymeric industry in the near
future. Traditional methods have a lower capacity of output. The capacity to process
polymers with a variety of characteristics depend on the desired function. Several
concerns must be defined as a result of this work, including the standardization of
this procedure and the appropriate method to take based on component shape and
polymers composite materials and additive manufacturing (3D printing) and Injec-
tion Molding can be done with a wide range of materials, such as elastomers, metals
and most commonly, thermosetting and thermoplastic polymers [24-29]. However,
in light of global competitiveness and the need for shorter manufacturing times, new
manufacturing processes for tool production, such as Additive Manufacturing, have
been investigated for injection moulding tools [30—40].

5 Conclusion

For the fabrication of polymeric components in small sizes, the pneumatic injection
molding method in small scale productions is becoming more important. This tech-
nology has the potential to play a critical role in the polymer industry in the near
future. The ability to process a wide range of polymers to accomplish the desired
function. Several concerns must be defined as a result of this review, including the
calibration of this procedure and the optimum method to take based on different part
geometries and polymers. In this work in preference to making injection mold die for
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a plastic cup, we conclude that, we are designing a product model of cup and plate by
fusion 360 software, and also designing a mold for cup and plate by using CAD soft-
ware AUTODESK Fusion 360. In this we are manufacturing a cup and plate products
by injection molding. Many attempts are being made in this way. However, only a
small percentage of them succeed, necessitating extra attention in this area. Because,
according to this research, many faults emerge as a result of processing settings. As
a result, processing parameter control is essential for product manufacture.

The hand injection mold component research work provided me with invaluable
expertise in the design and production of a mold and cup. An actual execution of
any action necessitates the cooperation of numerous departments. The tool’s design
begins with an abstract concept, which is subsequently translated into a full-fledged
manufacturing drawing. It’s also critical that the tool is made with all of the process’s
complexities in mind. The goal of the exercise is to obtain defect-free components
that meet specifications and have built-in tool superiority in the most cost-effective
manner possible. By raising the machine’s holding pressure and holding time, the
sink scratch start in the rib portion of the trial element was avoided. The research work
was completed successfully after conducting a design exercise and selecting a plastic
for the mold that had a good balance of strength and manufacturability. To improve
the soundness of the gate, it’s possible to engineer it. Meeting technical, financial,
and delivery deadline criteria, the injection mold’s design has been approved. The
tool is designed and manufactured in-house.
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