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the approaches studying the tool behavior when considering quasi-static or transient numerical 

simulation. From this work it was possible to have an overview of where each kind of simulation 

approach could be used. 
 
Keywords:  
 

Moldflow, ANSYS, Injection mold, Structural analysis, Metal fatigue analysis 

 

Declarations: 

 
Founding: This work was supported by MEtRiCs - Mechanical Engineering and Resource Sustainability 

Center from Universidade do Minho and Grupo Simoldes by providing the needed software’s and model 

to study. 

 
Conflicts of interest: The author Cedrico Oliveira is an employee from Grupo Simoldes and researcher 

in MEtRiCs as for the other authors they are researchers in MEtRiCs. 

 
Authors’ contributions: The author José Meireles was the project administrator and supervisor, the 

author Nuno Peixinho was responsible for the review and editing of the paper, as for the author Cedrico 

Oliveira was responsible for the methodology, investigation, application development, 

conceptualization and writing the original draft. 

 

Availability of data and materials: Some of the data was generated in the Simoldes Group so it can’t be 
shared for the exception of what is presented in the paper, the code for the application is the intellectual 

property of the author Cedrico Oliveira so it can be explained and presented but the source code can’t 
be shared. The authors are available to discuss the data with any reviewer to explain the procedure and 

the obtained data. 

 

Consent to participate: Not applicable. 

 

Ethical approval: Not applicable.  

https://orcid.org/0000-0002-2708-2822


 
           
 
 
 
 
 
 

Coupled structural-rheological numerical analysis of injection mold 

 
Cedrico Oliveira1,2, N. Peixinho1, J. Meireles1 
 
1 MEtRiCs - Mechanical Engineering and Resource Sustainability Center, University of Minho, Guimarães, Portugal 
2 cedric.resende.oliveira@gmail.com  

 
A R T I C L E   I N F O  A B S T R A C T 

 

 

 

 

 

 The production of injection molds is an important industry for manufacturing of plastic parts. Considering 

that time to market reduction is important, it becomes fundamental the use of numerical simulation to 

reduce design errors. The objective of this work is the presentation of an algorithm for the connection 

between Moldflow and ANSYS to import loads and then the study of the differences on the approaches 

studying the tool behavior when considering quasi-static or transient numerical simulation. From this 

work it was possible to have an overview of where each kind of simulation approach could be used.  
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1. Introduction 

An injection mold is a precision tool and one of the most common 

processes to fabricate thermoplastic parts [1]. Nowadays the use 

of numerical simulations is getting very common to determine the 

best filling parameters for plastic parts. Software’s are used to 

understand and anticipate the problems that may occur during the 

filling, packing and cooling phase, and several works have been 

made to study improved ways to determine those parameters [2]–
[6]. Such values are very useful to determine the needed forces for 

the injection machines or to design the extraction of the plastic 

parts [7] or stresses that are present in the injection mold [8]. 

There are mechanisms for transferring information between 

rheology software’s such as Moldflow and structural software’s 

such as ANSYS but, always with the objective of studying the 

behavior of the plastic parts. In this work it will be shown an 

approach to link the information present on Moldflow into ANSYS 

so a coupled analysis of the tool can be performed. 

To perform the structural analysis there are two approaches for 

those numerical simulations, i.e., it is possible to conduct a quasi-

static analysis or a transient analysis. Equation (1) is the general 

equation for the transient simulations where is possible to observe 

how time affects the results. [𝑀]{�̈�} + [𝐶]{�̇�} + [𝐾]{𝑢} = {𝐹(𝑡)} (1) 
Where [M] is the mass matrix, [C] the damping matrix, [K] the 

stiffness matrix, F the force, {F(t)} the load vector, �̈� the nodal 

acceleration vector, �̇� the nodal velocity vector and u is the nodal 

displacement vector. For quasi-static simulations [𝑀]{�̈�} +[𝐶]{�̇�} = 0, so the system inertia and damping effects aren’t 
considered, only the stiffness which can provide quicker 

simulations and good approaches but, when the problem under 

study has loads that vary in value through time, these simulations 

could lack on the representation the full scale of the impact of the 

loads as studied by Liu, et. all [9] or for systems where there are 

many bodies in contact, this effects could also lead to inaccuracies 

as studied by Siswanto, et. all [10]. Furthermore, considering the 

temperature analysis as object of study, as in the work made by 

Wang, et. all [11], the transient simulation is the proper approach 

since in injection mold surfaces in contact with the molten plastic 

exhibit a high temperature variation as also presented on the work 

made by Babenko, et. all [12]. 

For this work was chosen a plastic part that although having 

simple geometry presents geometric factors that lead to stress 

concentrations in the tool. The tool will be analyzed on a coupled 

analysis but using quasi-static and transient algorithms to 

understand how they differ and how they can be used for the tool 

design although without considering any thermal load effects.  

2. Numerical study 

On this chapter will be presented the model under study and all 

the considerations made for this work. The numerical model will 

be studied using quasi-static and transient analysis using data 

obtained by previous simulations made in Moldflow. The use of 

Moldflow simulations is just to create the necessary data to export 

into ANSYS using macros designed to read the files generated by 

Moldflow and converting them, so they could be read. For such 

purpose a program was coded with Visual Basic to create the 

needed files using the algorithm presented in Figure 1.  

As previously stated, only the pressure loads will be considered 

from the obtained results by the quasi-static and transient 

numerical simulations, being expected to understand how they 

affect the expected stresses, deformations and fatigue failure. For 

both simulations the first step will be equal, i.e., on the first step 

will be applied all boundary conditions, being those the bolt 

pretensions and clamping force. Subsequently, for quasi-static 

simulations, the pressure load it will be applied through 13 more 

steps accordingly to the time-steps obtained from Moldflow, for 

the transient simulation it is intended to study the stresses taking 

under account the duration and intensity of the pressure load. 
 
 



 
Figure 1. Algorithm used to create the loads map for ANSYS. 
 

2.1. Injection mold and materials 

 

To conduct this study a specially designed tool was used with all 

details to incorporate the problems which could appear in the 

production of injection molds, as is shown in Figure 2.  

As for the injection mold materials it will be considered that this 

tool was made with 2 different steel grades: the core and cavity 

side is made from UDDEHOLM IMPAX SUPREME steel, which is a 

common tool steel used in injection molds, as for the rest of the 

components such as plates, ejectors and the sliders were 

considered as common structural steel. 
a) 

 

b) 

 
Figure 2. Injection tool under study a) photo of the tool, b) cross-section 

of the tool. 
 

In Table 1 are presented the mechanical properties for the steel 

grades used on the numerical simulations. On this model the bolted 

connections have been simplified to a beam element and also these 

elements are considered as rigid and they are only applied on the 

core and cavity to reduce its degrees of freedom (DOF) and it will 

be considered that they will have similar properties to the 

UDDEHOLM IMPAX SUPREME. 
 

Table 1. Steel mechanical properties 

Steel Density 
Young 

Modulus 
[E] 

Yield 
stress 

[Sy] 

Ultimate 
stress 
[Sut] 

Poisson 
coefficient 

[µ] 

UDDEHOLM 
IMPAX 

SUPREME 

7.8 

kg/m3 
205 GPa 

900 

MPa 

1020 

MPa 
0.31 

Structural 
steel 

7.85 

kg/m3 
200 GPa 

250 

MPa 

460 

MPa 
0.3 

 

For the fatigue curves it was considered for the structural steel 

the curves included on ANSYS database, as for the UDDEHOLM 

IMPAX SUPREME was considered the following theoretical 

assumptions: 

 At 1000 cycles the stress value is 0.9Sut; 

 At 107 cycles the fatigue stress value [Sf] is 0.35Sut. 

The use of 35% of the ultimate stress comes from theoretical 

research which states that for martensitic steels this is a 

conservative value [13].  
 

2.2. Numerical model 

 

To conduct this study several conditions were taken into 

account, such as the symmetry condition since this tool is symmetrical by its central plane and with it, it’s possible to reduce 
the computation time. Also, it’s considered that the injection 

machine plates are undeformable so they won’t be considered on 
this simulation like the extraction plates of the injection mold, 

where all DOF are looked for the ejectors and slider at their 

bottom. 

The bolted connections will not be considered, except for the 

connections on the core and cavity since these are the regions 

subjected to the higher stresses and more susceptible to 

displacements. Therefore, beam elements were placed to 

represent the bolts, which are considered as rigid and were placed 

to represent the bolts where the pretention will be applied and 

with it, the freedom restriction caused by the bolted connection 

will be considered. 

As for the interactions between all the other surfaces, the 

following constraints have been considered according to their 

behavior during the injection process: 

 For the surfaces which could slide between each other but, can’t separate between each other was considered a contact 

that only allows sliding but no separation. 

 For the parting line, i.e., the surfaces that separate the core side 

and cavity side was considered a contact which allows sliding 

and separation. 

 For the extractor and sliders was considered also a contact that 

allows sliding and separation since there are parts which at the beginning aren’t in contact but during the injection, this status 
could change. 

 For the other surfaces is considered that they are bonded to the 

surface they are touching, and it’s not allowed any 
displacement between each other. 

a) 

 
b) 

 
Figure 3. Pressure values a) at the hot runner entrance through the 

injection wet cycle and b) pressure distribution on the cavity at 1.81 

seconds after the beginning of the injection. 

 

For the pressure loads it was used data obtained from Moldflow, 

also the injection machine clamp force was obtained by those 

numerical simulations. But, as mentioned before only one half of 

the tool will be considered since there is a symmetry condition, so 

the clamping force obtained from Moldflow will be divided by two. 

The beginning of the injection up to the end have a duration of 

the 17.5 seconds as can be observed in Figure 3- a) which will be 

considered on the simulations as previously stated. 

Moldflow simulation 

 

Export load data by node Export nodes coordinates 

Compile load data with the nodes coordinates to map 

the loads on the tool 

Export one .txt file for each recorded time-step 



3. Results presentation and discussion  [14], [15] 

To analyze the results, it will be considered the differences on the 

von-Mises stresses, deformation of critical regions and the fatigue 

safety coefficient. For the fatigue safety coefficient, the Goodman 

criteria will be used which takes under account the equation (2), 

which will be used to analyze the differences from the obtained 

results. This evaluation will be one of the most important factors 

of comparison due to the variation of loads with time which could be very high and it’s expected that these variations have a high 

impact on this value. 𝜎𝑎𝜎𝑒 + 𝜎𝑚𝜎𝑦 = 1 (2) 

The first analysis will be of the von-Mises stresses from what will 

be observed how the stresses are distributed through the tool at 

the symmetry plane, as presented in Figure 4. It is possible to 

observe that the distribution is similar through all the simulations 

at the instant of highest pressure distribution through the tool, 

where the highest variation is at the regions where the bolted 

connections are applied which causes locally higher stresses. This 

is caused by the connection modeling and simplification made by 

the use of beam elements. From Figure 4 is also possible to observe 

for the transient numerical simulation that the von-Mises stress 

values are higher but they are present at a smaller region. 
a) 

 

b) 

 

Figure 4. von-Mises stress distribution at the symmetry plane and at the 

time of highest pressure on the cavity a) quasi-static simulation, b) 

transient simulation. 
 

To have a better perspective of the differences through all time-

-steps two regions where the stresses are higher on the core and 

the cavity were studied in detail. These are shown in Figure 5. 
a) 

 

b) 

 

 

Figure 5. Stress probes locations: a) face at the cavity, b) blend at the 

core. 
 

As it is possible to observe in Figure 6 the von-Mises stress values 

are similar from the instants where the first step is applied up to 

the highest pressure values. When the maximum pressure is 

applied to the cavity it is possible to check that there is a small 

discrepancy between the obtained values but, on the transient 

numerical simulation, the values are always smaller during the 

injection process. At the packing phase while the pressure keeps higher inside the tool, by the unloading phase the values aren’t so 
similar, where the quasi-static simulation for almost of all the 

unloading phase is over-estimating the stresses values which will 

have an impact on the fatigue life calculations. 

The parts deformations are an important result for this industry, 

since there are plastic parts defects caused by the displacement of 

components during the injection process and this is a major quality 

problem and the detection of this problem during the design is 

imperative.  On the results presented for the deformation, it won’t be 
analyzed the relative displacement between parts, here is intended 

to understand how the results differ between different simulation 

approaches, and for this it will be analyzed the regions presented 

in Figure 7. 

 
Figure 6. von-Mises stresses at a cavity blend and core face. 

 

a) 

 

b) 

 
Figure 7. Deformation probes placed at a) an edge of the symmetry plane 

at the region where the pressures are higher and b) at a surface of a 

slider. 

 

 
Figure 8. Maximum deformation at an edge of the symmetry plane at the 

region where the pressures are higher and at a surface of a slider. 

 

In view of the results presented in Figure 8 the analyzed edge 

presents similar results for both simulations up to the instant of 

maximum pressure and, like was seen on the stresses results, the 

differences start to appear at the unloading phase but, for this simulation the plastic part isn’t considered so isn’t expected to 
have a precise result because at this stage the plastic part will have 

enough consistency to create some resistance to the steel elastic 

return. For the slider surface where the pressures aren’t very high 
during the injection process and is one of the last regions to fill is 

possible to observe a difference between the transient simulation 

and the quasi-static one at the peak of pressure. For this part the 

differences look insignificant but it’s a difference of around 4% at 
the peak of pressure which could be the difference between an 

aesthetical defect or not, and it could lead to an overestimation that 

could result on unnecessary extra design work. Therefore, the 

influence of the duration of the load shows how important is the 

use of transient simulations for these studies. 

 To analyze the fatigue safety coefficient for 1x109 cycles, it will 

be presented the results for the core since this is the region where 



the fatigue problems will be more evident due to the geometry 

which is very propitious for fatigue failure.  

As stated during the stresses analysis, the increase of the stress 

values for the quasi-static simulation during the unloading phase 

shows a negative influence on the fatigue safety coefficient results, 

so as expected the values are lower but, for the regions where the 

loads are applied and at the most critical regions, the values are 

similar for this tool. 
a) 

 
b) 

 
Figure 9. Fatigue safety coefficient calculated by ANSYS at the core for a) 

quasi-static simulation, b) transient simulation. 

 

It is reasonable to conclude that for similar tools to the one 

studied, a quasi-static simulation considering all the loading time-

steps could be used with care to obtain the fatigue safety 

coefficient but, it is not guaranteed that this approach is valid for 

tools where the loads present high variations through time along 

with their engraving region. However, the quasi-static simulation 

has a much lower computation time since it took 2159 seconds 

contrasting with the 15031 seconds for the transient simulation so, 

the transient simulation could lead to more accurate results but 

also is more time-consuming. Taking under account the results 

obtained is safe to conclude that the transient numerical analysis 

for fatigue calculations is more accurate and, for more complex 

tools, could present a more realistic approach since the influence 

of the load duration is taken into consideration. One should 

consider that in the injection tools localized load peaks could be 

present in systems where are present hot runners with many 

nozzles and with valve gates opening in sequence. But, for a 

quicker analysis, the quasi-static analysis could present an idea of 

the fatigue safety coefficient values and if extra design work is 

needed this could be a good solution to reduce the tool design time. 

4. Conclusions  

From the analysis made from the simulations it is possible to 

conclude that they can be used depending on the results which the 

designer is interested in: if the designer wants to have a better idea 

of stress variation during the injection process the quasi-static 

simulation could be a good approach due to its lower computation 

time. But the lower computation time comes with a cost for the 

accuracy of the results, the relative displacement between steel 

parts and the fatigue calculations. The relative displacement 

between parts if disregarded the duration of the load could lead to 

an overestimation of stresses and with it, the appearance of higher 

relative displacement values which will mislead the tool designer 

into making modifications that aren’t needed. As for the fatigue 
design the same problem could be observed since the quasi-static 

simulations present higher loads when compared with the 

transient simulation at the unloading stage and consequentially 

there is a reduction of the safety coefficient. 

For a future research is proposed to study a quasi-static 

simulation considering also the thermal loads and checking if this 

is a feasible approach to study the tool strength even knowing it 

could lead to an over-estimation because, if it could present values 

not too distant from the transient numerical simulations for a 

preliminary study it could be a good approach due to its lower 

computational time. 

In conclusion, this work shows how to treat the data form 

Moldflow so it can be imported on ANSYS, also the execution of 

quasi-static and transient numerical simulations showed how they 

differ in results especially at the unloading stage, where, the quasi-

static approach could induce designers to overestimate the 

stresses present in the tool. But, also the comparison of the 

simulations showed that they can both be used depending on the 

purpose and stage of the tool design. 
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Figures

Figure 1

Algorithm used to create the loads map for ANSYS.

Figure 2

Injection tool under study a) photo of the tool, b) cross-section of the tool.



Figure 3

Pressure values a) at the hot runner entrance through the injection wet cycle and b) pressure distribution
on the cavity at 1.81 seconds after the beginning of the injection.

Figure 4



von-Mises stress distribution at the symmetry plane and at the time of highest pressure on the cavity a)
quasi-static simulation, b) transient simulation.

Figure 5

Stress probes locations: a) face at the cavity, b) blend at the core.

Figure 6

von-Mises stresses at a cavity blend and core face.



Figure 7

Deformation probes placed at a) an edge of the symmetry plane at the region where the pressures are
higher and b) at a surface of a slider.

Figure 8

Maximum deformation at an edge of the symmetry plane at the region where the pressures are higher
and at a surface of a slider.



Figure 9

Fatigue safety coe�cient calculated by ANSYS at the core for a) quasi-static simulation, b) transient
simulation.


