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ABSTRACT: This article deals with the possibilities of improving part blank modelling 

accuracy for the process of progressive die stamping based on experience obtained in an 

automotive die manufacturing company. An improvement suggestion for engineering efforts is 

proposed. To confirm the validity of the proposition, an experimental trial run of progressive 

stamping dies was performed, the results of which were compared with simulation results. It 

was established that the improved modelling method is about 30% more accurate in respect to 

trim line deviation. 
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1 INTRODUCTION  

Progressive stamping dies are interchangeable 

tools used in one of the most versatile sheet metal 

part manufacturing processes. The use of 

technology is deeply rooted in the automotive 

industry, as large volumes of metal parts can be 

produced at a reasonable price with minimal human 

interaction and influence on quality. The most 

important moment in the development of new 

progressive dies is the design phase, as here, initial 

requirements for produced part quantities, process 

reliability and, most importantly, final product 

quality, are defined. The latter (quality of the 

produced part) is becoming an ever more 

challenging task for automotive clients due to 

technological improvements in modern vehicles. 

The quality of a sheet metal product is mainly 

defined by geometrical tolerances. An important 

component of geometrical definitions is the 

accuracy of the trim line of the part. In the design 

phase the contour trim line depends on the blank 

outline which has to be modelled. 

The part blank estimation and initial testing 

process, depending on the complexity of the 

produced part, is relatively long and expensive 

process (TriparTech, 2018). The blank for the 

progressive stamping process is most often formed 

in the first steps by partially trimming the sheet 

metal into the final contour of the part that is later 

manipulated (bent or drawn) into the final product. 

This means that trim lines have to be modelled 

accurately taking into account the further 

operations, which most often prove to be 

challenging because of high part complexity and 

tight tolerance requirements for the final product. 

The current processes in many modern die 

manufacturing companies still rely on several trial 

runs of the progressive dies before finishing the 

manufacturing of blank cutting stations. To perform 

the tests, laser cut blanks are used, which have to be 

manually inserted to perform the tests. All of this is 

extremely time consuming and expensive.  

For years blank modelling solutions have been 

incorporating computer-aided engineering (CAE) 

and finite element methods (FEM), but no fully 

accurate model that would guarantee an expectable 

result in a high number of instances has been 

developed leaving the topic open for improvements. 

Li et al. (2018) analysed the method of 

improving the part blank modelling process by 

creating an iterative numerical simulation that 

allows for result recalculation several times when 

performing the unfolding of a part. The authors also 

pointed out the problem of multiple tests and 

reworks when testing progressive dies and the 

insufficiency of trim line unfolding analysis using 

FEM. Improvements in precision are achieved by a 

new iterative optimization method of trim line 

based on the material strain path and a refined 

numerical simulation of the whole process. The 

finite element inverse algorithm is used to unfold 

the part step by step according to the forming 

station, and the unfold line is taken as the initial 

blank outline (Li et al., 2018).  

The researchers proved that the results of their 

modelling are substantially near real-life experiment 

results. However, being an unfolding method, it has 

several downsides compared to a validation 
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simulation. First of all, real die/tool influence in the 

design is not considered and that the workflow is 

disproportionally lengthened in the initial stages of 

the die design phase when product design is 

susceptible to change because of other factors. 

Furthermore, the method and software developed is 

not open source, meaning that implementing the 

calculation methodology in the analysed company 

would require building new and not necessarily 

reliable software from the ground up. 

Xu et al. (2012) tried to define a modelling 

solution for medium-thick plate metal forming. As 

stated by the authors, many current solutions in 

FEM analysis only utilize shell models, meaning 

that the skin surface of the part is extracted and the 

interaction is only calculated for this surface, and 

the thickness of the part is only taken as a variable. 

Xu et al. (2012) developed a solid-shell model, 

which analyses the interaction of the part with the 

constraining surfaces (die tool surfaces) from both 

sides of the part. This has a large impact on the 

accuracy of the part-blank and springback 

calculations. It is evident from experimental results 

that compared to other commercial solutions, the 

solid-shell model is superior in result accuracy. It is 

also important to note that researchers sought to 

create a process simulation for result validation. 

Bao et al. (2015) considered CPU calculation 

times and developed a model utilizing the 

DynaForm/MSTEP simulation engine for an 

unfolding task. The accuracy of the proposed 

method improves on the geometrical unfold 

method, which is often used in the industry, but 

only by a slight margin. The speed of the 

calculation and the necessary completion of the 

design are the main supporting factors of the work. 

The one-step inverse FEM method can be 

performed in a matter of minutes and only requires 

the initial concept of the die design, whereas 

AutoForm for its incremental forming modelling 

method, requires several hours of CPU time and a 

finished die design to fully function. 

Many different methods of FEM analysis for 

part blank modelling can be applied, and the 

accuracy of the results varies. The CPU time used 

and the complexity of the method usually have a 

direct correlation with the accuracy of the results. 

The latter can be seen in the comparisons of several 

methods done by the same authors. 

Simple geometrical unfolding methods proved to 

be the least accurate, which can be expected as no 

material properties or physical interaction influence 

is taken into account. Iterative processes exhibit 

greater accuracy as they repeat the calculations 

several times each time obtaining better results. 

However, these methods are of high complexity and 

no complete commercial solutions are available 

based on this approach. 

FEM methods that do not utilize solid tool 

bodies can be executed faster and have adequate 

accuracy. Still, analysis processes that either 

incorporate solid tool bodies (punches and matrixes) 

or solid body of the simulated shells show better 

results. 

Experimental results show that commercial 

solutions like PAM-STAMP, DynaForm/MSTEP or 

AutoForm software can even show more accurate 

results than innovative methods and methods under 

development. 

The main goal of the research is to analyse the 

part blank modelling accuracy and research the 

possibilities of improving the process in a specific 

progressive die manufacturing environment. 

2 MODELLING 

Based on the experience and scientific literature 

review, it can be stated that the modelling method 

should be a solid-shell simulation that rather to 

unfolding would validate the initially created blank 

model. Up-to-date industrial software is preferred to 

have a reliable process with possibilities to receive 

support from the developer. Simufact Forming was 

selected as the modelling software. 

To design a blank model, a computer aided 

design (CAD) software package VISI CAD 2021 

was used. To perform the blank development task, 

first, the part must be completely unfolded, which 

means that all bends, embossed flanges, etc. must 

be flattened by applying a calculation method. The 

method used by VISI CAD 2021 is a geometrical 

unfolding method, as the developer describe it 

(VISI, 2022) – 'the developed blank is based on a 

neutral fibre model calculated by choosing one of 

the standard offset ratios or using an automatic 

neutral axis formula'. This kind of geometrical 

unfolding method has been analyzed by See Toh et 

al. (1995), and the calculation principle is based on 

geometrical mathematical calculations and a 

concept called 'bend compensation'. VISI CAD 

2021 requires specifying the material of the part 

when unfolding, additional calculations are 

performed to improve the accuracy of the blank 

geometry. 

When dealing with parts that do not only have 

simple bends but also formed elements such as 

beads, deep-forming or drawing elements, flanges, 

the unfold method is not sufficient. For this, VISI 

CAD 2021 offers a more advanced blank 

calculation software – VISI Blank. This method is 

based on FEM analysis (shell modelling to be 

exact). The software supplier does not provide exact 
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information on what exact theory the FEM is based 

on. 

Once the unfolded geometry is calculated, the 

VISI Progress package can be used to create the 

progressive die strip and the cutting punch 

geometry. Features such as spacing, angle of the 

part, material output, and steps can be adjusted. 

According to the input data, the strip is generated 

automatically. The operations to be performed can 

be chosen automatically or manually, which is very 

important for proper functionality of the tool. An 

example of a complete progressive die strip 

developed using this method can be seen in Figure 

1. 

Having obtained the initial blank model, it can 

be validated in the Simufact Forming software by 

importing it as the geometry of the workpiece. 

The accuracy of the simulation is defined by the 

main components seen in Figure 2. 

As seen in the Figure 2, in the preprocessor 

(modelling) step finite elements are selected and 

initial as well as boundary conditions are defined; 

this is an important factor for part blank modelling 

accuracy and the options that the software provides 

including solid-shell modelling. Finite element 

selection in Simufact Forming allows tetrahedron or 

hexahedron elements (Simufact Engineering Gmbh, 

2018) for 3D simulations. Additionally, Simufact 

Forming provides remeshing options (Simufact 

Engineering Gmbh, 2018). 

 

Fig. 1 Progressive die strip example developed with VISI CAD 2021 

 

 

 

Fig. 2 Structure of Simufact Forming simulation 

software (Simufact Engineering Gmbh, 2018) 

 

The Simufact solver is a complex calculation 

method, which utilizes unique dual solver 

technology, one of them, a finite element solver, is 

used for solving forming and other similar 

processes. The finite element solver is explicitly 

based on the Dyntra solver (Simufact Engineering 

Gmbh, 2022). 

Having the modelling method set, it can be used 

in a selected instance, also, the experimental results 

for modelling result comparison need to be 

collected. 

Using the Simufact Forming, the simulation is 

set according to the experimental conditions: press 

selection, blank material selection, friction settings 

based on lubrication, etc. An overview of how the 

modelling process looks is provided in Table 1. 

The software does not allow one to transfer the 

workpiece from one station to the other 

automatically by the defined pitch. Therefore, 

separate stations have to modelled and the 

workpiece has to be imported incrementally. Tool 

bodies are simplified for lower CPU calculation 

times removing fixing holes and other. Blank 

holders are defined using spring elements. 
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Table 1. Modelling process summary of part 263 

 

3 EXPERIMENTAL 

The testing of the progressive die after the initial 

blank calculation involves cutting the blank strip 

with a CNC laser cutter. The strip is usually up to 3 

m long, and an example of such a strip is shown in 

Figure 3. 

The die is then placed on the press (see Figure 4) 

and clamped. When the closing height is set in the 

press, the blank strip is manually brought into the 

first forming station, the strip is aligned by 

manually inserted 10 mm diameter pins that are 

called locators. Before operating the press, these 

pins are carefully removed so that the strip would 

not change position; when the die closes, the same 

pins are mounted into the blank holder, which once 

again relocates the strip and clamps it before the 

forming dies bend the part. This is repeated by 

manually pushing the strip further every step until 

parts of the strip are produced. 

 

Fig. 3 Example of a blank strip for the progressive die 

testing 

 

Fig. 4 Press Omera Presse Rosso 250T 

 

The finished parts are then measured with 

coordinate measuring machine (CMM) presented in 

Figure 5. The part is placed freely on an elevation 

platform that is specifically assembled for each part. 

The CMM then first locates the part by using a 

measurement program. Then each feature is 

measured in relevance to the assigned alignment, 

and a measurement report is created.  

Using these reports and die testing, the 

effectiveness of the blank calculation method is 

assessed. 

Several important points in the part should be 

selected and compared with the simulation results. 

A certain automotive application sheet metal 

part (Table 1) with the abbreviated part number – 

263, is selected for analysis and the pilot run. 
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Fig. 5 CMM Zeiss MC 850 

The progressive stamping die produces two 

identical parts placed in a mirror arrangement in the 

strip, the production sequence for this part is 

presented in Figure 6. The parts have different 

geometric results and are physically identified by 

marking one of them with a point. For simpler result 

comparison, the paper only concerns the part with 

the point. 

The results obtained are an accurate 

representation of the geometry of the physical 

produced part in relation to the locating definitions 

in the customer drawing. 

 

Fig. 6 Progressive die stamping sequence for the part 

263 

 

4 RESULTS AND DISCUSSION 

The final results of the modelling are provided in 

Figure 7, where the simulated workpiece is 

compared to the CAD-0 model of the part with a 

shape comparison tool provided by the software. 4 

measurement points are placed between the trim 

lines of the two virtual parts. Points are not selected 

at the edge of the 'lip' geometry, as visually the 

surface deviation has a greater impact on the trim 

line position than the blank outline geometry. This 

kind of error is eliminated by changing the forming 

elements to counter springback effects. 

 

Fig. 7 Modelling results for part 263 

 

The CMM realizes a similar comparison method, 

the fundamental difference being that the locating 

references cannot be selected, rather a 'best fit' 

locating method is applied. 

Based on the values of measurement points 

taken from the modelling results, a comparison with 

the experimental results is presented in Table 2. It is 

evident that the validation process improves the 

accuracy of the part blank modelling process, 

allowing for a more precise validation of the blank 

outline without an experimental test run compared 

to the blank development results obtained with VISI 

CAD 2021 alone. 

Table 2. Comparison of modelling and experimental 

results 

 
 

To better understand how the modelling 

accuracy is improved, it should be considered that 

the blank modelling operation in VISI CAD 2021 

MP. No.
Experimental 

results, mm

Modelling 

results, mm

Difference, 

mm

1 0.40 0.58 0.18

2 0.27 0.33 0.06

3 0.74 1.52 0.78

4 0.57 0.87 0.30

Average: 0.50 Average: 0.33
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aims to produce a blank outline, which results are 

perfect, that is, the deviation is 0 mm. 

Understanding this, the average difference of 

experimental results and the modelling results can 

be taken as a measure to determine the accuracy of 

the modelling methods. If use of VISI CAD 2021 

allows to achieve the average deviation of 0.50 mm 

from the results of the measurement, the improved 

process provides results with deviation of 0.33 mm. 

This means that the improved modelling method is 

34% more accurate. 

Having the simulation data at hand, the same as 

with the measurement results, the die designer can 

adjust the blank outline manually to compensate for 

the errors which occur. 

5 CONCLUDING REMARKS 

Accuracy improvements of the validation 

performed with the proposed method are on average 

34% better in the analysed instance compared to the 

modelling results employed by the company. The 

simulation approach demonstrates deviations of an 

average of 0.33 mm compared to experimental 

results instead of 0.50 mm without the 

improvements. This presumably could eliminate or 

decrease the number of trial runs needed to develop 

a die design to meet customer requirements for trim 

line tolerances. 

For further research, the application of 

experimentally obtained material mechanical 

properties is advised, as the simulation could 

propose better outcomes with exact material 

specifications, instead of standard data selection 

from material norm specifications. 
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