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case study, it is found that when the interference causes a deformation of 0.217 mm in the insert, the mold will 

fail around 608,900 cycles. With the results obtained, there are arguments to redesign the mold, as well as to 

propose the use of other materials. 
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Abstract 
 

The plastic injection industry has maintained constant growth. At a global level, 400.3 million tons will be produced in 2022. In particular, 

the plastic injection process is preferred for the manufacture of complex parts with tight tolerances. This process requires a mold. There are 

reports of failures in these elements. In the present work, the fracture of the cavity of a plastic injection mold used for the manufacture of 

electric meter covers was analyzed, through of Computer Aided Engineering programs, to identify the causes that originate the failure and 

propose alternatives to mitigate the damage. The starting point was the sizing and 3D modeling of the meter, cavity and core. Then, several 

simulations were carried out. The first was the filling of the mold in SolidWorks Plastics. After a Fluid-Structure Interaction study in a path 

was carried out with ANSYS Fluent and ANSYS Mechanical. It was found that the injection pressure of the mold is not sufficient to reach 

the fatigue strength of the mold, although the combination with mechanical interference of inserts that house the cavity causes it to be 

reached. It was found that when the interference causes a deformation of 0.217 mm in the insert, the mold will fail around 608,900 cycles. 

Finally, proposals for improvement are being made with respect to the redesign of the geometry and the material. 

 
Analysis of fracture in the cavity of a plastic injection mold 

Objectives Methodology Contribution 
 

 
Create the injection mold from the lid. 

 

 

 
Dimensioning and modeling. 

 

 
A methodology for failure analysis in plastic 

injection molds is presented. 
 

 

 
Analyze by means of numerical simulation the 

stresses in the critical area. 

 

 

 
Fluid Structure Interaction Analysis via ANSYS 

Fluent and ANSYS Mechanical. 

 

 

 
Several alternatives for improvement in the 

geometry and material of the mold are 

presented. 
 

 

 
Propose design improvements or alternatives to 

mitigate damage 

 

 
Analysis of results. 

 

 

 
The proposed procedure can be used for design 

as a mold redesign. 
 

 

 

Fatigue, FEM, simulation, ANSYS Mechanical, ANSYS Fluent 

 

Resumen 
 

La industria de inyección del plástico ha mantenido un crecimiento constante. A nivel global se produjeron 400.3 millones de toneladas en 

el 2022. En particular, el proceso de inyección de plástico es preferido para la fabricación de piezas complejas y de tolerancias estrechas. 

Este proceso requiere de un molde. Se tienen reportes de fallas en estos elementos. En el presente trabajo, se analizó la fractura de la cavidad 

de un molde de inyección de plástico empleado para la fabricación de tapas de medidores eléctricos, por medio de programas de Ingeniería 

Asistida por Computadora, a fin de identificar las causas que originan la falla y proponer alternativas para mitigar el daño. Se partió del 

dimensionamiento y modelado en 3D del medidor, cavidad y núcleo. Después, se realizaron varias simulaciones. La primera, fue el llenado 

del molde en SolidWorks Plastics. Después se hizo un estudio Interacción Fluido-Estructura en una vía con ANSYS Fluent y ANSYS 

Mechanical. Se encontró que la presión de inyección del molde no es suficiente para alcanzar el límite a la fatiga del molde, aunque la 

combinación con interferencia mecánica de insertos que aloja la cavidad provoca que se alcance. Se encontró que cuando la interferencia 

provoca una deformación de 0.217 mm en el inserto se tiene que el molde fallará alrededor de 608,900 ciclos. Finalmente, se hacen 

propuestas de mejora con respecto al rediseño de la geometría y al material. 

 
Análisis de la fractura en la cavidad de un molde de inyección de plástico 

Objetivos Metodología Contribución 
 

 
Crear el molde de inyección a partir de la tapa. 

 

 

 
Dimensionamiento y modelado. 

 

 
Se presenta una metodología para el análisis de 

fallas en moldes de inyección de plástico. 
 

 

 
Analizar por medio de simulación numérica los 

esfuerzos en la zona critica. 
 

 

 

 
Análisis de interacción fluido estructura a través 

de ANSYS Fluent y ANSYS Mechanical. 
 

 

 
Se presentan varias alternativas de mejora en la 

geometría y material del molde. 

 

 
Proponer mejoras de diseño o alternativas para 

mitigar el daño 
 

 

 
Análisis de resultados. 

 

 

 
El procedimiento planteado se puede utilizar 

para el diseño como rediseño del molde. 

 

Fatiga, MEF, simulación, ANSYS Mechanical, ANSYS Fluent 
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1. Introduction 

 

Globally, the plastics industry represents one of the most important industrial sectors that has maintained 

steady growth in recent decades. In 2022, a global production of 400.3 million tons of plastics was 

reached [1]. In Mexico, according to data from the 2019 Economic Census, the total gross production of 

the Plastic and Rubber Industry was $470,684M MX. The states with the highest total gross production 

were State of Mexico ($84,484M MX) and Guanajuato ($59,955M MX) [2]. One of the most important 

processes within the plastic parts manufacturing industry is injection molding. This is preferred over the 

other processes because you can produce inexpensive, complex, and tightly tolerance parts [3]. Mold is 

one of the main elements of the process. For this reason, the manufacture of molds and tooling seems to 

become a priority for the metalworking industry and key to the supply and development of other 

industries such as automotive, food, cosmetics, among many others. 

 

Like any technique, the design and manufacture of injection molds to produce plastic parts is a 

sophisticated industrial process due to the wide variety of material and technical elements that make it 

up. As plastic products become increasingly aesthetic and complex, the quality requirements for injection 

molds have also become increasingly high. In the case of Mexico, most molds are still designed and built 

based on the experience of the manufacturers and the technique of trial and error. Without having vast 

knowledge in other areas such as design, materials engineering and advanced design techniques; 

therefore, the quality of the molds sometimes does not reach the parameters required by the customer.  

 

As the experience and skill of mold makers changes, so do the quality of mold makers. As a result, 

it is not uncommon for mold to fail in production, typically after a certain number of cycles. In some 

cases, mold needs to be redesigned and rebuilt to prevent failure from happening again. While the cost 

of modifying or rebuilding the mold may be affordable, the financial loss due to production stoppage is 

very significant.  

 

In this work, the fracture of the cavity of a plastic injection mold used for the manufacture of 

electric meter covers is analyzed, using the ANSYS program to identify the causes that originate the 

failure and propose alternatives to mitigate the damage.  

 

2. Description of the problem 

 

According to NOM-044-SCFI-2017, an electrical meter is a measuring device used to determine the 

active electrical power in an electrical circuit [4]. Specifically, an electric meter allows measuring the 

consumption of electrical energy in Mexican homes by means of watts per hour. According to available 

data, there are more than 47 million electricity meters installed in Mexico [5], hence the importance of 

preventing failures in injection molds of this type. 

 

Injection molds are used in the process of manufacturing electric meter covers. The components 

of these that give shape to the final product are the core and the cavity. After a few operating cycles of a 

polyacrylic cover injection mold for electric meters, cracking of the cavity was detected. Figure 1 

illustrates the crack in the marked area, in blue. This runs from the top to the bottom of the cavity passing 

right where an insert is placed. The cause of the crack has to be found in order to redesign the mold or 

carry out actions to mitigate the failure mechanism. 
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Box 1 

 

 
 

Figure 1 

Crack in the mold cavity 

 

3. Methodology 

 

This section describes the methodology defined for the analysis of the cavity of an injection mold, which 

consists of 3 main stages that are described below. 

 

1. Dimensioning and modeling. This stage consisted of sizing the cover of the single-phase electric 

meter. The 3D model of the part was created in a program of Computer Aided Design (CAD). 

The package used was SolidWorks. From the workpiece, the cavity and core of the mold were 

extracted using the tool SolidWorks Mold. 

 

2. Simulation. A simulation of fluid-structure interaction was carried out using ANSYS Fluent and 

ANSYS Mechanical. 

 

3. Analysis of results. Based on the results obtained from the simulation, proposals were made for 

damage mitigation and mold redesign. 

 

 Next, the theoretical foundation of the case study is addressed. 

 

4. Theoretical foundation 

 

4.1. Computational Fluid Dynamics 

 

The equations governing the behavior of a fluid are: Continuity equation, momentum equations and 

energy equation (see Equations 1-5)[6]. 

 

  Equation of Continuity  

 
𝜕𝜌

𝜕𝑡
+ 𝑑𝑖𝑣(𝜌𝑉⃗ ) = 0 

 

 

(1) 

  Equation of Moment 

 
  Equation for the moment in x  
   

𝜕(𝜌𝑢)

𝜕𝑡
+ 𝑑𝑖𝑣(𝜌𝑢𝑉⃗ ) = −

𝜕𝑝

𝜕𝑥
+ 𝑑𝑖𝑣(𝜇 𝑔𝑟𝑎𝑑 𝑢) +  𝑆𝑀𝑥  

   

 

 

(2) 
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  Equation for the moment in y 
   

𝜕(𝜌𝑣)

𝜕𝑡
+ 𝑑𝑖𝑣(𝜌𝑣𝑉⃗ ) = −

𝜕𝑝

𝜕𝑦
+ 𝑑𝑖𝑣(𝜇 𝑔𝑟𝑎𝑑 𝑣) +  𝑆𝑀𝑦  

   

 

(3) 

  Equation for the moment in z 
   

𝜕(𝜌𝑤)

𝜕𝑡
+ 𝑑𝑖𝑣(𝜌𝑤𝑉⃗ ) = −

𝜕𝑝

𝜕𝑧
+ 𝑑𝑖𝑣(𝜇 𝑔𝑟𝑎𝑑 𝑤) +  𝑆𝑀𝑧  

 

(4) 

   

  Equation of Energy 

   
𝜕(𝜌𝑖)

𝜕𝑡
+  𝑑𝑖𝑣(𝜌𝑖𝑉⃗ ) = −𝑝 𝑑𝑖𝑣 𝑉⃗ + 𝑑𝑖𝑣 (𝑘 𝑔𝑟𝑎𝑑 𝑇) + Φ +  𝑆𝑖  

 

(5) 

 

Where: ρ is the density; t corresponds to time; 𝑉⃗  is the speed; u, v y w speed in direction x, y, z 

respectively; µ represents dynamic viscosity (in section 4.2 The model is addressed Cross WFL for this 

term); p is the pressure; 𝑆𝑀 is a term that corresponds to the force of the body; T is the temperature; k is 

the thermal conductivity of the fluid; Φ dissipation function y 𝑆𝑖 represents a heat source.  

 

4.2.  Model Cross-WFL 

 

One of the most widely used mathematical models to study the behavior of viscosity in plastics is the so-

called model Cross-WFL. The model Cross It is widely known to be able to measure the apparent 

viscosity of molten mass η, as a function of shear stress 𝛾̇, Temperature 𝑇 and the pressure 𝑃. The 

equation of the Cross-WFL is expressed in equation 6. Viscosity at very small shear stresses 𝜂o it is 

calculated with the equation 7 and 8 [3]. 

 

𝜂(𝛾̇, T, P) =
𝜂o(T,P)

1+(
𝜂o𝛾̇

𝜏∗
)
1−n  

 

(6) 

𝜂o(T, P) = 𝐷1𝑒𝑥𝑝 (−
𝐴1(𝑇−𝑇∗)

𝐴2+(𝑇−𝑇∗)
)      𝑇 > 𝑇∗  

 

(7) 

𝑇∗ = 𝐷2 + 𝐷3𝑃  (8) 

 

4.3. Structural Static Analysis 

 

The governing equation for a linear structural static study is expressed with the equation 7 [7]. 

 

[𝑲]{𝑫} =  {𝑭}  (9) 

 

Where: 

{D} = Vector displacement 

{F} = Force Vector 

[K] = Stiffness Matrix 

 

5. Development 

 

In this section, the first two stages of the applied methodology are exposed. The first is dimensioning and 

modeling (section 5.1). The second corresponds to simulation (section 5.2). 

 

5.1. Dimensioning and modeling 

 

As a first step and through the support of a physical cover, the dimensions of the piece were surveyed. 

Figure 2 shows the overall dimensions of the cover. The CAD model was created in the SolidWorks 

program. The dimensions are given in millimeters. 
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Box 2 

 

 
 

Figure 2 

General dimensions of the meter cover 

 

From the 3D model and using the support of the SolidWorks Mold module, the extraction of the 

cavity and the core of the injection mold was carried out. To this end, the steps described in the course 

on the design of injection molds of the platform were executed Xpertme [8]. Each of the steps is described 

below. 

 

1. Diagnosing and troubleshooting geometry is imported if it is not a native SolidWorks file. The 

model was created in SW therefore no geometry diagnosis is required because it does not present 

problems as it is a native file. 

 

2. Analyze the model's demolding angle. The minimum angle is 0.5°. Commonly used angles are 

1° to 2°. The recommendations of the material supplier must also be considered. The demolding 

angle for the case study is 1° taking as a reference what is recommended by [3] with smooth 

finish (see Figure 3).  

 

Box 3 

 

 
 

Figure 3 

Mold Demold Angles 

 

3. Modify the model as required to ensure the machinability of the part. It was not necessary to 

modify the departure angle because the model meets this requirement for manufacturability. 

 

Positive demold angle 

Required demold angle 

Negative demold angle 
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4. Scale the plastic part to counteract the effects of thermal shrinkage when cooling. An average 

value of 5% contraction is considered. This is a generalized value and will be used for the 

purposes of this study, a more complex process is required for its estimation where the expansion 

of the cavity and the core influences by temperature change, volumetric change of the material 

by phase change, temperature, pressure, and thermal expansion. This point would affect the final 

dimensions of the part, in particular, tolerances. It is not the purpose of this work to analyze the 

injected part, the area of interest is the mold cavity. 

 

5. Establish mold parting lines. The parting lines represent the strategic division between core and 

cavity.  Figure 4 shows with a purple line the region where the nucleus and the cavity will split. 

 

Box 4 

 

 
 

Figure 4 

Línea de partición para la tapa del medidor 

 

6. Create mold closing surfaces. Open areas in the transition should be manually closed with 

preferably flat surfaces. Figure 5 shows the 4 closing surfaces. 

 

Box 5 

 

 
 

Figure 5 

Closing surfaces 

 

 

Loop: Tangent 

Loop: Tangent 
Loop: Tangent 

Loop: Tangent 
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7. Separate the tooling into solid bodies. Once the closing surfaces have been delimited, it must be 

split into solids for post-work. The shape of the meter creates a cavity where its external part is 

cylindrical. In the SolidWorks program, you are required to create a surface in the partition zone 

(see Figure 6A), then extrude it to form the cavity and core (see Figure 6B). Up to this point you 

have a multi-body piece. 

 

Box 6 

 

 
                              A                                                                  B 

Figure 6 

Tooling in solid bodies. A) Surface in the partition area. B) Solid bodies of mold cavity 

and core 

 

8. Design additional tooling such as pushers, secondary cores, and others. It is not the end of this 

work to build all the parts of the mold. The parts that are required for the study are only the meter 

cap and the cavity. 

 

9. Create individual parts and an assembly from the part with multibody solids. The different bodies 

must be stored as individual parts for later manufacture. Figure 7, from left to right, shows the 

cavity in transparent gray, then the gauge cap, and on the right side the mold core. 

 

Box 7 
 

 
Figure 7 

Injection mold cavity and core 

Cavity 

Cap/lid of measurer 

Mold core 
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Complete the mold. In this step, the cooling and feeding lines are added, among others. The 

present study is limited and only the inserts in the cavity are considered (see Figure 8). 

 

Box 8 

 

 
Figure 8 

Full mold model 

 

5.2 Simulation 

 

For this stage, the following modules are used: SolidWorks Plastics to see the ease of filling the mold 

and the required closing force of the mold; ANSYS Fluent to find the pressures on the surface of the 

cavity; and ANSYS Mechanical to perform the structural analysis. 

 

5.2.1 Simulation with SolidWorks Plastics 
 

The study setup is briefly described below: 

 

1. Simulation Type. A filling and packaging simulation was carried out. 

 

2. Injection Unit Settings. For filling, the material was selected Lexan Resin 121. This is a 

polycarbonate with characteristics similar to the polycarbonate with which the electric meter cap 

is manufactured. The injection temperature of this material is 293°C, and the mold should have a 

temperature of 82°C according to the operating conditions. The filling time considered is 1.4 s. 

The mold-material heat transfer coefficient in the filling phase is 2500 W/m2-K.  

 

3. Injection point. The injection point was selected on the surface of the geometry defined for this 

purpose (see Figure 9). 

 

4. Parameters. Within the general parameters, an ambient temperature of 30 °C is considered.  The 

direction of gravity is in the -X direction. This direction is indicated by the way it is mounted on 

the machine (see Figure 9). 
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Box 9 

 

 
 

Figure 9 

Injection Point 

 

5. Mesh. It began with the creation of a default solid mesh in the first study, later refined it in the 

second study (see Figure 10). The refinement method used is based on curvature. The default 

mesh has 63011 elements and 27262 nodes (Figure 10A). The refined mesh (Figure 10B) has 

151076 elements and 64848 Nodes. 

 

Box 10 
 

      
                        A)                                               B) 

Figure 20 

Model meshing. A) Default mesh. B) Fine mesh 

 

6. Execute. The plastic flow analysis solution was executed. 

 

6. Results.  The results of interest are the ease of filling and closing force (see Figures 11 and 12). 

The piece is shown in green which indicates that it is easy to fill. With respect to the closing force, 

the one of interest is in the z-direction, which has a magnitude of 8.82 tons. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Injection point 
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Box 11 

 

 
 

Figure 31 

Ease of Filling Analysis. 

 

Box 12 

 

 
 

Figure 42 

Fill Analysis Results 

 

5.2.2 Simulation with ANSYS Fluent 

 

Fluid-Structure Interaction (FSI) is a type of computational simulation that analyzes the interaction 

between fluids and solid structures. This interaction is crucial in many engineering applications, where 

fluid behavior can influence structure and vice versa; such is the case of polycarbonate interacting with 

the walls of the mold cavity. This section shows the configuration and results of this simulation. 

 

The control volume corresponds to the meter cap. Geometry was imported into the program 

SpaceClaim. In this one you prepare geometry for the study, that is, the surfaces are named as entrances, 

exits and wall. Which are interpreted by ANSYS Fluent as conditions of boundary. The next stage 

corresponds to meshing. The module used was ANSYS Meshing. The recommended metric for CFD 

studies is Orthogonal Quality, the minimum recommended value is 0.15. The quality obtained was 0.21, 

which meets the criterion.  

 

For the study of the fluid, a transient study was considered, and the effect of gravity and an 

atmospheric pressure of 101325 Pa was taken into account. The model used is laminar, two-phase (liquid 

polycarbonate and gas air). The energy equation was activated. Two materials were created. Its properties 

are described below.  
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For Polycarbonate (PC), the density that was considered is 1168 kg/m3. This is an average value 

since it depends on the pressure and temperature to which it is subjected. Viscosity was estimated using 

equations in section 4.2. The recommended temperature for PC injection is 293 °C (566 K). The 

parameters of the equations were extracted from the library SW Plastics where: D1 = 1.52X1013 Pa-s, 

D2 =417.1 K, D3 = 0 K/Pa, A1 = 32.85, A2 = 51.6 K, tao* = 650400 Pa y n =0.17. Next, the equations 

in section 4.2 are solved for the PC.  

 

𝑇∗ = 𝐷2 + 𝐷3𝑃 = 417.1 + (0)𝑃 = 417.1 𝐾  
 

𝜂o(T, P) = 𝐷1𝑒𝑥𝑝 (−
𝐴1(𝑇−𝑇∗)

𝐴2+(𝑇−𝑇∗)
) = (1.52𝑋1013)𝑒𝑥𝑝 (−

(32.85)(566−417.1)

51.6+(566−417.1)
)  = 386.2 𝑃𝑎 − 𝑠  

 

𝜆 =
𝜂o

𝜏∗
= 

386.2

650400
= 593.8𝑋10−6𝑠  

 

The above parameters were declared in the viscosity model (see Figure 13). The Cross viscosity 

model is one of the ways to represent how the viscosity of a non-Newtonian fluid changes in response to 

different shear rates.  

 

Box 13 

 

 
 

Figure 53 

Definition of the Cross model 

 

In the case of air, a density of 0.972 kg/m3 and a constant viscosity of 2.13X10-5 Pa-s [9]. For the 

inlet (injection point) a mass flow ratio of 0.1777 kg/s. This value corresponds to filling the mold 1.4 s.  

 

For the outlet, venting area, atmospheric pressure was considered. The walls have the condition 

of non-slip. 

 

Once the definition of the parameters for the fluid analysis was completed, the simulation was 

run in ANSYS Fluent. This corresponds to the injection cycle. As a result, the pressure on the mold cavity 

was obtained, as shown in Figure 14. As can be seen, a maximum pressure is identified in the regions of 

the injection point with a value of 31.79 MPa. 
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Box 14 

 

 
 

Figure 64 

Pressures resulting from fluid analysis 

 

5.2.3 Simulation with n ANSYS Mechanical 

 

The program used to perform structural static analysis is ANSYS Mechanical. This was coupled with 

ANSYS Fluent. In this way, the pressure data exerted on the mold cavity was imported. As shown in 

Figure 15, the maximum pressure point is observed at the injection point. 

 

Box 15 

 

 
 

Figure 75 

Importing Pressures on the Cavity into ANSYS Mechanical 

 

The material used is P20 steel. In a first study, only the pressure exerted by the filling of the 

plastic was considered. And a fixed support was placed on the base. The stress analysis is shown in Figure 

16, which shows the equivalent von-Mises stress, where the maximum stress was found in the area where 

the inserts go and its maximum value was 346 MPa. As part of the simulation process, convergence 

analysis was performed. This refers to the process of verifying that the results of a numerical simulation 

stabilize and approach precise values as the mesh is refined (see Figure 17).  
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Box 16 

 

 
 

Figure 86 

Maximum stress of von-Mises 
 

Box 17 

 

 
 

Figure 97 

Convergence Analysis 
 

A second analysis was carried out in order to evaluate the behavior of the cavity considering the 

loading conditions closest to a real injection cycle. For this purpose, the following charges were 

considered: 

 

− The pressure load exerted by polycarbonate when injected. 

− The pressure exerted by the insert when it deforms and generates mechanical interference. 

− The closing force of the injection mold that allows the core and cavity to be held together.  

 

For this analysis, a submodel was used to reduce the demand for computational resources. The 

geometry corresponds to the region of the notch and the insert. The boundary conditions are shown in 

Figure 18. 
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Box 18 

 

 
 

Figure 108 

Boundary conditions in the submodel 

 

Figure 18 shows the red labels of border conditions.  

 

Label A refers to the import of the pressure values exerted by polycarbonate when injected (see 

Figure 19). The pressure values are obtained from the pressures derived from the fluid-structure 

interaction.  

 

Label B corresponds to the closing force of the mold, but since it is a section it is convenient to 

handle it as pressure to obtain it, the closing force obtained from the SolidWorks Plastics simulation was 

divided and divided by the surface (see Figure 20).  

 

The C label is the boundary conditions of the state of deformations around the submodel (see 

Figure 21). Finally, the D label corresponds to the pressure exerted on the insert by interference with the 

core. 

 

Box 19 
 

 
 

Figure 119 

Importing Fluid Pressure into Submodel 
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Box 20 
 

 
 

Figure 20 

Mold Closing Pressure on Submodel 

 

Box 21 
 

 
 

Figure 212 

Importing the strain state into the submodel 

 

Box 22 
 

 
 

Figure 22  

Pressure on the insert in the submodel 
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Once the submodel was prepared with the boundary conditions, the analysis was carried out and 

the stresses and deformations were obtained in ANSYS Mechanical.  As can be seen in Figure 23, the 

maximum stress is 470 MPa and is identified in red in the image.  

 

Box 23 

 

 
 

Figure 23 

Maximum von-Mises stress on the submodel, 470 MPa 

 

Similarly, a convergence analysis was carried out. It is identified in Figure 24 that the result is 

470 MPa.    
 

Box 24 

 

 
 

Figure 24  

Convergence Analysis 

 

6. Analysis of results 

 

Based on the simulation, it was found that the pressure load of the mold injection is not enough to damage 

the mold. However, the interference between the insert and the core is decisive in reaching the fatigue 

strength limit of the material. In order to assess the mechanical interference between the insert and the 

core, several analyses were performed to identify the relationship between the von-Mises stress and the 

deformation as shown in Figure 25. As can be seen, as the deformation of the insert due to mechanical 

interference increases, the stress increases. 
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Box 25 
 

     
                                  b)                                                                 b) 
 

Figure 25  

Insert's stress-strain diagram. a) Diagram Equivalent stress vs strain b) Deformation of 0.217 mm 

of the insert to an stress of 470 MPa. 

 

Also, a fatigue study was carried out considering the conditions of injection pressure load, closing 

force and insert pressure. Their fatigue behavior is shown in Figure 26.  

 

Box 26 

 

 
 

Figure 26 

Fatigue analysis 

 

As can be seen in the image, there is a critical region that presents fatigue life ranges between 

608,900 cycles (minimum value in red) and 759,110 cycles (mean value in green). Outside this region, 

the lifetime value is 1,000,000 cycles (maximum value in blue color). 

 

When comparing the results of the simulation with the physical mold, it is found that the 

maximum von-Mises stress with a value of 470 MPa is present in the region where the cavity notch is 

located (see Figure 27a) and the region that presents the minimum fatigue life values coincides with the 

region where the cavity notch is located, which is the same region where it occurs fracture in the physical 

cast (see Figure 27c).  
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Box 27 
 

  
a)                                              b)                                                   c) 

Figure 27 

Model Comparison. a) Region Maximum stress of the von-Mises in the Virtual Model (470 MPa), 

b) Life to Virtual Model Fatigue and c) Fracture in the cavity. 

 

It is inferred that the notch where the insert is located generates a significant concentration of 

stresses as a result of the injection pressure and the mechanical interference generated by the insert when 

deformed. Decreasing the concentration of stresses on the notch is crucial to improving the strength and 

durability of the mold cavity. In order to mitigate the damage, some alternatives are proposed to reduce 

the concentration of stresses in the notches. The former are focused on the redesign of the geometry and 

the latter on the material: 

 

Geometry redesign: 

 

− Rounding the notches: It consists of smoothing the notches and sharp corners by means of 

rounding or radii can help distribute the tensions more evenly and reduce concentration. Larger 

radii in notches typically significantly decrease tension peaks. 

 

− Eliminate mechanical interference. Adjust the mechanical tolerance between the notch and the 

insert to avoid mechanical interference. 

 

Use of materials and treatments: 

 

− High-strength materials: Use an H13 steel with high fatigue and crack resistance that can help 

mitigate the effects of stress concentrations. An H13 steel is recommended for high cycling and 

has a fatigue strength of 760 MPa which is higher than the maximum stress present in the cavity 

which is 470 MPa. With the above, the design will be able to achieve at least a safety factor of 

1.5. 

 

− Surface treatments: Applying surface treatments such as penetration hardening or nitrogen 

coating (nitriding) can improve the strength of the material in the notch region. 

 

7. Conclusions 

 

The plastic injection mold for electric meter caps analyzed has a fracture in the notch made to place an 

insert. Based on numerical simulation using the ANSYS Fluent and ANSYS Mechanical program, it was 

found that the mold can resist the injection pressure of the plastic. However, mechanical interference 

between the insert and the mold reaches the fatigue strength limit. As a result, the cavity will fracture 

after a certain number of cycles. For an insert deformation of 0.217 mm, a von-Mises stress of 470 MPa 

is achieved, which is higher than the fatigue strength of a P20 steel which is 456 MPa. It is strongly 

inferred that the cavity will present fatigue failure and will have a finite life of operating cycles. The 

fatigue analysis performed at ANSYS strongly confirms that fatigue failure occurs at 6.0X106cycles and 

it is in the same region where the fracture occurs in the physical part. Since the maximum stress occurs 

in a region where there is a concentration of stress due to geometry, a redesign of the geometry is 

proposed, which involves rounding the notches and eliminating interference. On the other hand, the use 

of stronger steels or surface treatment should also be considered. 
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