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Automatic Determination of Non-Uniform
Blank-Holder Force in Sheet Metal Forming
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1. Introduction

Blank holder force in sheet metal forming operations can
be very effective in repairing fracture and wrinkling
defects. The supply of blank holder force in different dies
is done in different ways. In many cases, as the shape of
the sheet metal parts becomes more complex, it is
necessary for the sheet to flow into the die in different parts
of the die. One way to control the flow of the sheet into the
die is to change the size and location of the blank holder
forces. Today, in designing sheet metal forming dies,
designers use analytical relationships or finite element
software to determine the value of the blank holder force.
In most cases, the amount of blank holder force in each
position is assumed to be fixed and the designer calculates
the number of positions according to this value. For
shaping asymmetric axial sheet metal parts, several
researches have been conducted to determine non-uniform
blank holder forces to reduce forming defects. Despite the
various researches that have been done in this field, the
role of the designer in determining the amount of force in
different points of the sheet is under researched and
important and it is necessary to do extensive researches in
order to automate the optimization in this field.

In this study, by establishing a relationship between
Abaqus and Catia and with the help of optimization
methods, a software system was created that after initial
settings by the user, finite element analyses are performed
automatically and according to the output of each analysis,
changes are made in the input file and the next analysis is
performed with new conditions. Applying these changes
and performing various analyses until the problem
converges to the optimal answer continues completely
automatically.

2. Automatic software system for determining the
number and size of blank holder forces

This study proposed a software system that is able to
suggest the arrangement of the blank holder force of
different parts in such a way that the sheet piece is formed
without fracture and with the low possibility of wrinkling.
In this system, possible states are introduced for the blank
holder forces and the fracture and wrinkling of the sheet
piece are specified as objective functions and problem
constraints. Using the optimization algorithm and
performing finite element analyses automatically, different
arrangement modes are examined and the arrangement
design of the forces is changed so that the problem
constraint is satisfied and the objective functions are
minimized. In this system, positions under the sheet metal
are provided to apply the blank holder force. The
optimization algorithm must change the value of each

position and finally suggest the appropriate layout. To
optimize the objective function, it is necessary to create a
workflow diagram in modefrontier software. Figure 1
shows the workflow diagram designed to solve this
problem.
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Figure 1. Workflow diagram in modefrontier software

3. Numerical simulation

The dimensions of the sheet metal part are 1050 mm by
900 mm with a thickness of 1 mm. Figure 2 shows the 3-
D explosive model of the die components with the blank
piece.

Figure 2. Explosive model of die components
with the blank piece

The material of blank is st14 and the material of blank
holder is GGG60 cast iron. In analytical software the shell
components are meshed in the form of quadrilateral
elements and blank holder with hexagonal cubic elements.
Table 1 shows the conditions and parameters of the finite
element simulation of sheet metal forming process.

Table 1. Parameters of simulation process

Parameters Value
Sheet thickness 1 mm
Course of die motion | 100 mm
Die movement speed | 0.5 m/s
Friction coefficient 0.15

4. Results and discussion

By running the program in the fifth generation of the
genetic algorithm and in the 274th run, the first analysis in
which the problem is realized is obtained. The diagram of
the change in the values of the fracture constraint is shown
in Figure 3. Figures 4 and 5 show the changes in the values
of the fracture and wrinkling objective function. As can be
seen, with the continuation of the program, it can be said
that the results have converged from the eighth generation
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onwards and there is not much change in the continuation.
For this reason, the program was stopped after performing
600 analyses.
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Figure 3. Diagram of fracture constraint changes
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Figure 5. Convergence diagram of the wrinkling objective
function

Table 2 shows the number of elements in the objective
and constraint areas for the final result. These values are
the best of all cases.

Table 2. Program output for objective and
constraint functions

Constraint functions Number of Elements
Constraint of fracture 0
Objective function of fracture 7
Objective function of
S 72
wrinkling

Among the results obtained, the final blank holder
force arrangement is equal to the best case, i.e., analysis
No. 485. This force arrangement is shown in Figure 6 from
the bottom view of the blank holder. As expected, due to
the greater flow of the sheet on the left side of the die
cavity, the blank holder force at these points is more than
the right.

Figure 7 shows the result of the simulation process in
Abacus software for the final layout. In this figure, the
fracture criterion distribution is visible.
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Figure 7. Simulation result for the final state

5. Conclusion

In the present study, a structure was created that is able to
suggest the appropriate arrangement of blank holder forces
in the form of sheet metal parts to the designer. This
arrangement is such that the production part is created
without fracture defect and with low potential for the
possibility of wrinkling defect. The results presented for
the example show that by non-uniform arrangement of
blank holder forces for asymmetric and relatively complex
part, it is possible to produce a part without fracture with
low wrinkling potential. This structure was done in the
environment of modefrontier software by creating a
connection between Catia and Abaqus software. To
perform this process, you need to code in Python, VBA
and C # languages in the workflow diagram icons. The
combination of these cases provided a suitable
environment for the present study. The results presented in
this research are expressed for a sheet with st14 material
and thickness of 1 mm. Changing the material and
thickness and considering cases such as sheet anisotropy
can be suitable topics for future researches in this field.
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