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Abstract
The aim of this work was to design an injection molding tool with replaceable inserts. The tool design is made 
for a BOY 15S injection molding machine. Based on the interpretation and comparison of the simulation 
results of the filling process, we optimized the plastic part design, the runner system and the location of the 
gates and cavities in order to maximize productivity and efficiency while minimizing cost. In the process of 
the tool design, we also considered the potential problems regarding the manufacturing process of the tool.

Keywords: injection molding, tool design, optimization, simulation.

1. Introduction 

1.1. The basics of injection molding
The basic principle of injection molding is the 

"injection" of a low viscosity plastic melt into 
a closed cavity. This is done through a narrow 
passage. Low viscosity is essential for a fast and 
complete filling of the mold. Complete filling (for 
thermoplastics) is also facilitated by high injec-
tion pressure. Due to the fundamental nature of 
the injection molding process, the cooling process 
of the melt only lasts a few seconds at most and 
results in a final product of high dimensional 
accuracy. In addition, the advantage of injection 
molding is that it allows the production of com-
plex shaped parts that require no further machin-
ing other than the removal of plastic that has so-
lidified in the runner system.

1.2. The injection molding machine
The injection molding machine is responsible 

for melting the plastic (usually in the form of 
granules) and injecting it into the mold. It is also 
responsible for opening the mold along the part-
ing plane and operating the ejection system. Its 
mechanism is optimized for fast and efficient in-
jection molding and ejection of the product after 
solidification.

The mold is designed for the BOY 15S injection 
molding machine located at the University of Sa-
pientia EMTE Târgu Mures, Faculty of Mechanical 
Engineering.

1.3. The injection molding tool
The injection molding tool is the component that 

allows the shaping of the part. It contains the run-
ner system and the mold cavities that are filled to 
create the part. The type of tool used depends on 
the part. The production of more complex parts 
requires more complex tooling, so it is important 
to think cost-effectively from the very first steps 
of part design. The mold designed in this article 
has a simple, two-plated design) (Figure 1).

It is also the tool’s task to convey the melt from 
the nozzle of the injection molding machine to the 
mold cavity, this is done by means of the inlet / 
runner system.

The opening through which the plastic melt en-
ters the mold cavity from the runner system is 
called the gate. The size and position of the gates 
have a profound influence on the quality of the 
final product. It can sometimes make the differ-
ence between a perfect and a defective part, so 
correct sizing and positioning is of particular im-
portance.
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2. Methodology
Autodesk Inventor was used to create the as-

sembly model of the plastic part, inserts and tool 
housing, and to perform the stress analysis. The 
plastic flow of the melt was simulated using Solid-
Works Plastics. The parameters required to run 
the simulations were chosen from the table of the 
parameters of the BOY 15S injection molding ma-
chine.

In the calculations, at each step, we chose the 
less favorable parameter of either polyethylene 
or polypropylene, therefore the results provide a 
significant safety factor.

2.1. Tool housing
In designing the tool housing, the selected com-

ponents were based on the simple two-plated tool 
structure. The correct movement of the two tool 
halves during tool opening and closing process 
is ensured by pins and corresponding bushings, 
the 3D models of which were downloaded from 
the online parts catalogue of Meusburger GmbH 
& Co KG.

2.2. Inserts
The design process of the inserts consists of 

several steps. The first step is to design the shape 
of the mold cavity, which is determined by the 
plastic part. When designing the plastic part (and 
therefore the mold cavity as well), it is important 
to avoid shapes that are problematic for injection 
molding. Examples include right-angled corners, 
thin recesses, sections with staggered wall thick-
nesses, etc. 

3.Results

3.1. Cavity filling simulations
To perform the simulations, a plastic component 

model is needed. This model forms the final prod-
uct.

3.1.1. Determining the optimal gate position

The first result of the evaluation of the simu-
lations is the determination of the optimal gate 
position. This was chosen based on the number 
and size of air pockets and weld lines that appear 
in the simulations, since these are manifested 
as aesthetic defects in the final product [2]. The 
overall quality of the filling process was also tak-
en into consideration.

In determining the optimal gate position, injec-
tion pressure, and a gate dimension were kept 
constant so that the quality of the filling process 
could be studied as a function of gate position.

In addition to the results of simulations with dif-
ferent barrier positions, cost-effective design also 
played an important role in this decision.

Figure 2 shows the final gate position. This will 
ensure that the melt front fills the model’s pro-
trusions longitudinally, which helps to eliminate 
weld lines. [3]

3.1.2. Determining the optimal plastic part 
model

The plastic part model represents a keychain 
with the logo of the Sapientia University of Tran-
sylvania. The prominent parts of the 3D model 
create a number of geometric corners, which 
present difficulties for the injection molding pro-
cess. In the optimization process of the model, the 
priority was to change these problematic shapes 

Figure 1. Construction of a two-plated injection mold-
ing tool. [1]

Figure 2. Optimal gate position for symmetrical fill-
ing.
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material can be found in the AutoDesk Inventor 
material catalogue. The Young's Modulus of AISI 
1045 is around 200 GPa.

The maximum deformation at 50 tonnes of clos-
ing force did not exceed 25 µm, as it is shown in 
figure 5. This value is low enough to be consid-
ered negligible for injection molding.

3.2.2. Determining the parting plane
When designing an injection molding tool, it is 

important to consider the position of the parting 
plane. Since cost-effective design is a major ob-
jective, the part’s base plane has been chosen as 
the parting plane (Figure 6). This offers several 
advantages.

Figure 3. Optimized model with reduced and cham-
fered protrusions. Figure 4. More retainer plate machined for insert 

accommodation and ejection system opera-
tion.

Figure 5. Deformation of the moving side mold base 
under 50 tonnes of load force (AutoDesk 
Inventor Stress Analysis).

Figure 6. Side view of the parting plane (marked with 
a blue line at the bottom of the part).

in such a way that the deviation from the original 
part was minimized (Figure 3).

The simulations helped in the optimization of 
the plastic part model to ensure that the cavity 
is fully filled. This was done by modifying the 
geometric features that result in air pockets and 
weld lines. [3]

3.2. Design of the injection molding tool

3.2.1. Design of core and cavity retainer plates
Due to the interchangeable inserts of 

the mold, the space required for the in-
sert must be provided in the two mold 
halves, which measure 80 × 100 [mm × mm].  
The inserts have a thickness of 15 mm, and they 
are positioned 13 mm deep in the two retainer 
plates to ensure full contact of the inserts - and 
only the inserts - during the closing of the tool.

The ejector rods must penetrate the moving 
side of the core retainer plate to allow ejection of 
the plastic part. This can be achieved by drilling 
holes, but this would mean that different holes 
would have to be drilled to accommodate dif-
ferent inserts (which have varying rod sizes and 
placements). As one of the main concerns is to fa-
cilitate the interchangeability of the inserts, this 
solution is not ideal.

In order to make the moving side of the tool suit-
able for different inserts, a through-slot must be 
designed in the core retainer plate. The dimen-
sions of this slot are slightly smaller than the size 
of the insert, as shown in figure 4. This is done to 
achieve a shoulder that provides a support sur-
face for the insert..

To verify the functionality of the mold base, 
stress analysis was performed. The maximum 
load is known due to the injection molding ma-
chine parameters (50 tons). The analysis was per-
formed using AutoDesk Inventor Stress Analysis 
(Figure 5).  The material used in the simulations is 
AISI 1045 steel. The mechanical properties of this 
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Primarily, it ensures that the part remains in 
the moving side of the mold during mold open-
ing, thus making part ejection possible. Next, the 
position of the parting plane means that only one 
of the inserts needs to be machined, reducing 
production costs and time. There is one drawback 
to the choice of this particular parting plane: the 
edges of the part that are in the parting plane can-
not be rounded, nor chamfered.

3.2.3. Runner system and cavity design
The inlet channel diameter was chosen to be 

2 mm, as this diameter is suitable for injection 
molding all the listed plastics for the designed 
mold (Table 1), since the maximum flow path is 
70 mm (from the nozzle to the gates).

The relationship between the diameter of the 
sprue and the diameter of the runner system 
channels is given by the following formula:

Dprevious = Dnext ∙ 	 (1)

where n is the number of channels in the junc-
tions, Dprevious is the diameter before the junction 
and Dnext is the diameter after the junction.

The runner diameter calculated from the size 
of the sprue is 2,82 mm. Since the sprue channel 
is tapered (0,5⁰ taper angle), the value obtained 
is the average diameter. Among the sprues dis-
tributed by Meusburger GmbH, one can be found 
with an average diameter of 2,91 mm. This is suf-
ficiently close to the calculated value.

The positioning of the cavities is determined by 
the factors previously mentioned: the chosen gate 
position and the dimensions of the base plates. 
Since the dimensions of the insert are 80 x 100 
[mm x mm], four cavities can be placed leaving 
a sufficiently thick (6 mm) wall between the tool 
cavities and the outside of the insert (Figure 7).

The volume calculated from the 3D model of the 
designed plastic part is 2.35697 cm3, so the vol-
ume of the four cavities is 9.42788 cm3. The com-
bined volume of the inlet manifold and runner 
system is 3.80619 cm3, so the volume of polymer 
melt required for one injection molding cycle is 
13.23407 cm3. The maximum injection volume 
per cycle is 96 cm3.

3.2.4. Determining the dimensions of the gates
When designing the gates, the aim is to mini-

mize the size of the gate. The reason for this is to 
make the removal of plastic solidified in the gates 
easier from the product of the injection molding 
cycle.

The limiting factors are the maximum shear 
rate and the calculated pressure drop at the gates. 
These values depend on the used plastic [5]. 

In the first step, the maximum shear rate was 
considered: [5]

	 (2)
where  – shear rate [1/s],  – volume flow 
[cm3/s], w – gate width [m] and h – gate height [m].

The final dimensions of the barri-
ers are: w = 2 mm, h = 0,75 mm. The re-
sulting shear rate: =17645.426 1/s.  
Among the different polyethylene and polypro-
pylene types, the lowest maximum shear rate val-
ue was found to be that of HDPE and LDPE: 40 000 
1/s [6], which is not exceeded by the calculated 
result.

Next, the calculated pressure drop across the 
entire runner system was investigated. From the 
results of the simulations, the pressure drop is 
found to be less than 75 MPa. The used injection 
molding machine is able to produce more than 
twice the calculated pressure (Pmax = 168 MPa).

Table 1. Maximum flow path of plastics in a 2 mm 
diameter channel [4]

Plastic
Max. flow path in a 2 

mm diameter channel 
[mm]

Polyethylene (LDPE) 720

Polyethylene (HDPE) 400

Polypropylene 870

Polystyrene 670

Polyamide 66 560

Polyamide 6 510

ABS 370

Figure 7. Model of the moving side insert.
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3.2.5. Ejection system design
The ejector rods used in this design are cylin-

drical and have a flat face. In order to calculate 
the minimum diameter, we had to determine the 
force required for ejection using formula (3) [5]. 
The value of this force is 1970 N (rounded up).

	 (3)

where μ – coefficient of friction, E – Young's Mod-
ulus [Pa], CTE – coefficient of thermal expansion 
[1/°C], Aeff – shrinkage area of the plastic piece 
[m2], ε – material specific elongation, Φ –  taper 
angle of the wall of the tool cavity that is stressed 
during the shrinkage of the plastic [°].

Knowing the force required to eject the parts, 
the minimum diameter required to resist the 
shearing force by the plastic parts can be calcu-
lated. [5]

	 (4)

where Ωejectors –  circumference of the face of the 
ejector rods [m] (shear line), σmax – yield strength 
[Pa] and h – wall thickness of the plastic part at 
the point of contact with the ejector rod [m].

The resulting minimum total circumference of 
the ejector rods is 41.042 mm. The designed in-
serts have 8 ejector rods, so the minimum diam-
eter of one ejector rod is 1.63301 mm. Including 
a safety factor, the rounded value is 3 mm; such 
ejector rods are available from Meusburger 
GmbH, which simplifies sourcing and obtaining 
the part.

The ejector rods were also checked for deflec-
tion: their stress was 34.83725 MPa, while the 
maximum allowable value was 2.86467 GPa.

The shape of the plastic part limits the position-
ing of the ejector rods, which can only come into 
contact with the plastic part where its surface is 
flat (Figure 8.).

4. Conclusions
We have successfully completed the design of an 

injection molding tool with exchangeable inserts. 
Thanks to the mold's design, it will be possible to 
injection mold different plastic parts without the 

need for the lengthy and costly process of chang-
ing the tool. Thanks to the implementation of 
several safety factors, the tool will be suitable for 
analyzing the injection molding process of differ-
ent types of plastics.

This has been the first step towards enabling 
students at our University to study the injection 
molding process with an industrial injection 
molding machine.
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