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Keywords: ABSTRACT

Design; Mold; This study focuses on improving the quarter trim bracket mold in the mold making division to
Ejector; Layout;  mitigate the risk of ejector marks, which were identified through long-term analysis. The author
Clamping Force; redesigned the mold by considering the ejector layout, cooling layout, clamping force
Pressure calculations, and number of pressure plates, to ensure the product is free from defects. The
addition of an ejector pin in the rib area is proposed as a solution to minimize this problem. The
quarter trim bracket mold is designed using two pressure plates measuring 30 x 60 mm and four
measuring 30 x 80 mm, with a total pressure plate area reaching 13,200 mm?2. Based on
calculations, this part requires a clamping force of 14.5 tons to be produced on a 30 ton capacity
injection machine. This clamping force is important to keep the mold tightly closed during the
production process, and is calculated based on the cavity pressure in the mold and the shot area.
All mold designs are created following company standards to ensure accuracy of sizes and
calculations. This research is expected to improve production quality and operational efficiency.

1. INTRODUCTION

In today's manufacturing industry, the need for effective tooling is crucial to support high-quality
production processes. Common types of tooling used include molds, dies, and jigs & fixtures, each serving
specific functions based on the material being produced. Molds, for example, are used to manufacture
products made of plastic [1], while dies are used for sheet metal products [2] [3]. Jigs function as fixtures
to hold components securely in place during the manufacturing process [4]. In this context, effective mold
design becomes critical to ensure the final product's quality. Design flaws in molds can lead to issues such
as ejector marks, which negatively affect the appearance and function of the product [5].

In mold design, there are several key components that play an important role, such as the cavity, core,
ejector system, and cooling channels [6]. The cavity and core shape the final product's contours, while the
ejector system helps remove the product from the mold after injection [7]. A well-designed ejector system
is crucial to minimize the risk of ejector marks, which can occur when the pressure during ejection is uneven
[8]. Additionally, the cooling system plays a vital role in ensuring that the plastic material solidifies
properly, reducing the risk of deformation that could cause defects.

Proper placement of cooling channels will maintain the mold's temperature at an optimal level,
reducing cycle time and improving production efficiency. By considering the harmonious interaction
between these components, it is hoped that the risk of ejector marks can be minimized and the final product
quality can be enhanced. Previous research used a three-plate mold system, which separates the runner
from the product directly when the mold opens. This way, the runner, which was previously connected to
the product, can detach without requiring an additional process [5]. The product designed was a glove box,
which is a container used for storing gloves. This glove box is made from PP material, which has resistance
to both high and low temperatures at room temperature, with the melting point of PP (Polypropylene)
being around 230°C [5].

In designing the glove box mold, several aspects need to be considered to minimize product defects, such
as the type of runner, gate system, and the mold's cooling system. The analysis in this study of the baffle
cooling system showed its effectiveness in maintaining the mold's temperature. From the clamping force
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calculation, a value of 60.373 tons was obtained. Therefore, the machine used should have a capacity at
least 20% higher than this clamping force value [5].

Apart from determining the required clamping force, this research primarily focuses on addressing
the risk of ejector marks during the production of the quarter trim bracket mold. Unlike conventional
approaches that typically rely on trial-and-error adjustments during molding, this improvement
incorporates a systematic analysis of ejector pin layout, material flow behavior, and mold surface
conditions. This structured method aims to prevent defects proactively rather than correcting them
reactively. Ejector marks often occur due to uneven pressure during ejection, which can lead to increased
costs and damage to the brand's reputation. Therefore, it is important to redesign the mold considering the
ejector layout, cooling layout, clamping force calculations, and the number of pressure plates. These four
aspects are interconnected and significantly influence the mold's effectiveness in the production process.
The entire mold design process follows company standards to ensure accuracy and consistency. By
adhering to these standards, it is expected that the redesign will reduce the risk of product defects, improve
operational efficiency, and contribute significantly to enhanced production quality and provide better
insights into mold design for future applications.

2. METHOD

The redesign of the quarter trim bracket mold was carried out due to the long-term issue of ejector
marks experienced by the mold. Ejector marks can occur because the position of the ejectors on the quarter
trim bracket mold is uneven, and there is no ejector pushing on the rib area, making it more difficult for
the part to be ejected from the mold. There are several stages in the mold design process, as shown in the
following flowchart:

Build a Mold Base

Construct Base Core &

Mald specification Cauhy
Calculate Clamping Layout

Force

| |
| |
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| |
| |

Build a Cooling Layout
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Incorporate supporting
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Figure 1. Mold Design Stages

3. RESULTS AND DISCUSSION

3.1 Mold Specifications

The integration of narrow slot feature recognition with automated ejector pin design has been shown
to significantly enhance the accuracy of pin placement and overall design efficiency[9] . By analyzing the
product’s geometry, ejector pins can be positioned more precisely, reducing reliance on manual
adjustments and minimizing the occurrence of surface defects such as ejector marks [9]. This approach has
proven effective in improving product quality and serves as a valuable reference for future research in
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optimizing mold design. In line with this, the current study carries out a mold improvement process that
not only considers ejector pin layout but also involves determining essential mold parameters such as
clamping force, part weight, and runner type. These mold specifications are crucial to ensure optimal mold
performance and part quality, making the overall design approach more integrated and suitable for real
manufacturing applications.

3.2. Clamping Force Calculation

Clamping force in the injection molding process refers to the pressure force exerted by the injection
machine to hold the mold firmly during the plastic injection process [10] . This force is generated by the
machine's clamp unit and aims to ensure that the mold remains tightly closed when molten plastic is
sprayed into the mold. This is very important to prevent material leakage and ensure quality product
results. The formula for calculating clamping force in the injection molding process is as follows [11]:

F=PxA M
Where:
F =is the clamping force required (in Newtons or kN).
P = is the injection pressure (in MPa or N/mm?).
A =is the cross-sectional area of the mold which determines the area where the clamping force acts (in
mm?).
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Figure 2. Clamping Force

Based on these calculations, the quarter trim bracket part requires 14.5 tons of clamping so that it can
produce on a 30 ton injection machine.

3.3. 3D Part

Apart from the mold specification, 3D parts must also be prepared before starting the mold design,
because the 3D parts will be used as a basis for making the mold design. After getting the 3D part, the next
step is to calculate the shrinkage and reposition the part based on the direction it was taken when the
product was removed from the mold. Apart from repositioning, 3D parts must also be adjusted for
shrinkage, namely increasing the size of the part according to the material to be used, to ensure dimensional
accuracy of the final product.
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Figure 3. 3D Part

3.4. Part Shrinkage
The purpose of applying shrinkage to the part is to anticipate the shrinkage that will occur during the
production process[12] [13]. Parameters such as holding time, injection time, cooling time, and mold
temperature are crucial; if any of these injection process parameters are overlooked, the molded part may
have defects, such as shrinkage marks [14]. When plastic is heated and then cooled, it tends to shrink, so it
is important to understand the amount of shrinkage based on the type of plastic material used. In this case,
the plastic material used for the bracket part needs to be analyzed to determine the correct shrinkage
coefficient, so that the final product dimensions match the desired specifications. Therefore, the mold
design process can be adjusted to accommodate these dimensional changes. Based on TPS, the shrinkage
for TSOP-5 plastic material is between 0.0085 and 0.01, so a shrinkage value of 0.009 was used for the
quarter trim bracket part, as it still falls within the tolerance limits.
3.5. Part Repositioning
Part repositioning in mold design is a crucial step in the manufacturing process, especially in plastic
injection molding. The mold design must also consider the ease of part ejection from the mold after the
injection process is complete. Therefore, part repositioning should be done before proceeding with the
mold design.
3.6. Creating the Parting Line
The parting line in injection molding is the separation line formed between two opposing mold
sections. This line marks the boundary where the cavity and core meet, separating the area that will become
part of the final product [15][16].
3.7. Creating Parting Line Draft
Creating a draft for the parting line area can be done using the extrude feature. However, before
extruding, ensure that the entire parting line area and the part are merged using the sew feature.
3.8. Creating the Mold Base
After creating the parting line, the next step is to sketch the mold base. This sketch can be used as a
reference to create the core and cavity. When selecting a mold base, there are several important
considerations to keep in mind [17] [18]:
1. Outer Area Size: Ensure that the outer area size of the product in the mold matches the production
requirements. This will affect both the efficiency and the quality of the molded product.
2. Cooling Flow System: Consider different alternatives for the cooling flow system. Efficient cooling
is essential to reduce cycle time and improve the quality of the final product
3. Opening Molding: Adjust the molding opening to match the specifications of the injection
molding machine that will be used. This is important to ensure that the mold can operate properly
and in accordance with the machine's parameters..
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The basic size and shape of this mold also refers to the TPS Mold Design Standard. All sizes for the mold
base follow the table for the 30 Ton mold because this mold will be produced on a 30 Ton machine. Can be
seen in Figure 4 for a basic sketch of the mold suggested by TPS.
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Cavitv Base > S

Core Base ——»|

Spacer Plate ——»| | Ejector Plate =
,—-""f‘—d{‘ _ I‘\-' Il\ J
2 Ciect O)lo °]|(@
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Lower Plate—’| [ .'l |

Figure 4. Sketch Mold Base

3.9. Creating Base Core and Cavity
To create the base core and cavity, start by making a cubic shape using the mold base sketch that has

been created, as shown in Figure 4. After that, trim the body to ensure the parting line release matches the
mold dimensions, as shown in Figures 5 and 6.

Figure 5. Cavity after body Trim Figure 6. Cavity after body Trim

3.10. Creating the Ejector Layout

When creating the ejector layout, there are several considerations to keep in mind, as follows:

a. Size and Quantity
The number of ejectors used can be adjusted based on the shape of the part. For the quarter trim bracket
part, 6 ejector pins are used. The mold for the quarter trim bracket uses J4mm ejector pins. The EPN-04
ejector pin is designed with precise dimensional specifications suitable for molds requiring high accuracy,
especially in narrow or detailed product areas. The shaft diameter (¢pd) is 4 mm with a tolerance of -0.02
mm to -0.05 mm, ensuring tight fit and smooth movement without jamming during ejection. The head
diameter ($pD) is 8 mm with a tolerance of -0.03 mm, providing sufficient strength and stability under
ejector plate pressure. The head height (H) is 3 mm, compatible with standard ejector plate thicknesses.
The diameter of the mounting hole (¢dp) is 3 mm with a tolerance of +0.1 mm / 0, allowing ease of assembly
while maintaining positional stability. The minimum straight length (l;) is 5 mm, ensuring a stable contact
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surface during product ejection. With these specifications, EPN-04 is an ideal choice for use in molds where
small-sized, high-precision ejector pins are required, such as in rib sections or thin-walled product areas.
Standard ejector pins can be seen in Figure 7.
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Figure 6. Standar Ejector Pin

b. Ejector Position

The ejector is an important component in the mold which functions to remove the finished product
from the mold cavity after the molding process is complete [8]. Apart from that, the ejector also plays a
role in resisting the pressure of the melted plastic material when molding, ensuring that the product is
formed well and does not experience deformation. In the molding process, the ejector works by pushing
the product out, thereby reducing the risk of damage to the product and the mold itself [19]. Ejector pins
are placed around the edges of the product and areas that are not directly visible on the finished product,
such as the bottom or sides of the product.

3.11. Creating the Cooling Layout

An effective cooling channel design is crucial. The cooling channels must be designed to distribute
cooling evenly around the mold [20]. This includes using channels with the correct diameter, proper
spacing between channels, and strategic orientation. The first step in creating the cooling layout is to sketch
a circle with a diameter that meets the requirements. For the quarter trim bracket mold, @6mm channels
are used. Then, extrude the sketch to the appropriate length based on the part dimensions. The Cooling
Layout design can be seen in Figure 6.
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Figure 7. Design Layout Cooling
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3.12. Calculate of Spring Ejector
The formula for calculating spring ejectors in injection molding can vary depending on the mold
configuration and design. However, in general, the formula used to calculate the plunger spring force is as

follows
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Figure 8. Catalogue Spring
F = Preload x Constant (2)
Where:

¢ F is the force exerted by the plunger spring (in Newtons or kN).
* Spring constant (in N/mm or N/m).
* Preload is the maximum displacement or stroke of the plunger spring (in mm or m)

For the quarter trim bracket mold using spring type SWF 30-70 based on the Misumi catalog which can
be seen in figure 9, spring type SWF 30-70 has a constant of 2.06 and a preload of 3mm so the spring can be
calculated

F=2,006x3=6,18 3)

Therefore, the SWF 30-70 spring can generate a spring force of 6.18 N under 3 mm of preload
compression. This force contributes to the ejection or return mechanism within the mold system to ensure
the part is released effectively. In mold design, adequate spring force is essential to overcome friction and
adhesion between the molded part and the cavity surface. If the spring force is too low, the part may stick
or fail to eject properly, potentially causing cycle delays or defects. The use of the SWF 30-70 spring ensures
that the ejector plate or return plate moves with sufficient energy to separate the part from the mold without
causing damage or leaving marks.

3.13 Pressure Plate Calculations

The pressure plate on the mold is an important part of the mold which functions to hold and press the
mold during the plastic injection process[21]. The main function of the pressure plate is to provide sufficient
pressure on the mold and hold the parting line to prevent the parting line from being damaged so that the
plastic can be distributed properly and produce quality products. The pressure exerted by the pressure
plate must be distributed evenly along the parting line to avoid leaks or defects in the injection product. To
determine sufficient pressure to be distributed on the parting line, the surface area of the pressure plate
must be greater than the value of the injection pressure minus the area of the parting line or with the
following equation:
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Lp >12xLp/L 4)
Where:
*Lp = Pressure Plate Area
*P/L = Parting Line Surface Area

Figure 9. Pressure Plate Position

The Quarter Trim Bracket Mold uses two pressure plates measuring 30 mm x 60 mm and four pressure
plates measuring 30 mm x 80 mm. If you add up the area of the pressure plates used in the quarter trim
bracket mold is 13,200mm. Meanwhile, the quarter trim bracket mold uses a 30 ton injection machine and
has a parting line area of 8,722mm. If you use this equation it will be:

13.200 > (0.37 x 8.722) — (84 x 30)
13.200 > (3.227,14) — (2520)
13.200 > (707,14)
18,7x ()

Based on this calculation, the inequality holds true, indicating that the clamping force available from the
machine (13,200 kgf) is more than sufficient to resist the separation forces acting on the mold during
injection. This means that the selected number and size of pressure plates are capable of withstanding the
mold opening force and effectively distributing the clamping force across the entire parting line area. Even
distribution of this force is critical to prevent flash formation, misalignment, or uneven wear on the mold
components. Additionally, ensuring the clamping force exceeds the required minimum helps maintain
mold integrity during high-pressure injection and extends the mold's operational life.Based on this
equation, the number and size of pressure plates are able to withstand the clamping load and can distribute
it evenly to the parting line area.

4. Improvement Design Mold Bracket Quarter Trim

Improvement by adding an ejector pin in the area around the rib as in Figure 11 because there is
concern that there will be problems in this area when removing the part. This problem could occur because
there is nothing pushing on the rib area so that the rib cannot come off.
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Figure 10. Rib Position Before Re-Design

Figure 11. New Ejector Position

There are several possible problems that will occur if you don't add an ejector around the rib area,
namely sinkmark problems and ejector mark problems. The sinkmark problem can occur because the part
in the rib area is difficult to come out and then it will be pushed forcefully, causing a white mark on the
part, while the ejector mark problem occurs because the ejector which is positioned far from the rib area
will push the part strongly so that the push of the ejector will leave an impression on it. parts. Both of these
problems will cause the part to become NG. In carrying out these improvements, several support pillars
had to be removed because the position of the support pillars was right at the position of the newly added
ejector, so the support pillars had to be removed.

5. CONCLUSION

Based on the mold design made, it can be concluded:

1. The use of clear mold specifications from the engineering team is very crucial in the mold design
process. This helps ensure that all necessary data, such as part weight and runner type, has been
properly accounted for to support effective mold manufacturing.

2. Determining the correct clamping force is the key to preventing material leakage during the injection
process. Based on calculations, the quarter trim bracket part requires a clamping force of 14.5 tons,
which allows the use of an injection machine with a capacity of 30 tons. This shows that accurate
counting is essential to maintain product quality.

3. The shrinkage process must be carried out to anticipate plastic material shrinkage during production.
Considering the shrinkage value for TSOP-5 material, which is set at 0.009, it is important to ensure
that the final part size meets the desired specifications. This shows that material analysis is very
important in mold design.

4. Repositioning parts before the mold design process is a crucial step to facilitate product removal from
the mold. In addition, creating the right parting line helps separate the mold cavity and core
efficiently, minimizing the risk of defects in the final product.
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Adding ejector pins around the rib area on the mold is very important to prevent problems when
removing parts. Without adequate ejectors, the risk of sinkmarks and ejector marks increases, which
can result in defective products. Therefore, mold design must consider the position and number of
ejectors to improve product quality and production efficiency.
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