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ABSTRACT: Due to the complex of geometry and forming processes of the sheet metal part, it is
difficulty to determinate trimming line of part before bending or flanging process. The optimization of
trimming line based on a multi-step FEM simulation is an effective method. In this paper, a procedure of
optimizing the trimming line of an auto body panel by software AutoForm has been introduced. With the
optimum trimming line, the blank material can be saved and the part can be formed more successfully.
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Introduction
Trimming is an important step of forming of sheet metal with high precision. Proper trimming process
can lead to cost saving in tool construction and material, and promote product precision. To get the blank
outline for near-net-shape manufacturing, the sheet boundary should get the desired geometry at the end of
the forming steps following the trimming operation. It is difficult to design the profile and trimming line
before flanging process, because the unfolding calculation of sheet metal parts is very complicated. The
numerical simulations for some separate forming processes such as deep drawing, bending forming and
flanging have developed over last two decades. But, the simulations for some progressive multi-step
forming processes, including trimming, have not fully developed in past some years. Compared to other
processes’ simulation, the trimming process simulation involves stress release, element remove or
modification, and boundary conditions change etc. For finding a desired trimming line, many incremental
or one-step simulations will run. The combine of optimization program and FEM simulation can get the
best and proper trimming line.
The traditional method of using a CAD system to unfold a formed sheet part is still very costly and
low accuracy, and the unfolding is based on geometry calculation, not on mechanics analysis. In many
common CAD softwares, the unfolding calculation is only used for bending process of sheet metal with
simple and regular shape. But for some parts with complex shapes and drawing and flanging processes, for
example, forming of car body panels, it is difficult for common CAD software to obtain unfolding
geometries and shapes.
In general, a trimming process is performed after drawing or bending and before flanging process. A
multi-step process simulation will be taken to determine trimming line. Traditionally, before the next step
is simulated, the tools are manually removed, and the formed part is prepared for the next process step. This
procedure cannot be used optimization for trimming line. For carrying out an optimization program to
determine the optimal tool geometry and stamping process, the process steps should be continued and
inherited automatically.
So far, some researchers have developed methods to design the optimal blank outline, which include
the geometric mapping method [1-2], the trial-and-error method based on the FE method [3-5], the inverse
method [6-8], and sensitivity analysis method [9-10]. But little research on optimization of trimming line
has been published.
In this paper, an optimal trimming line of a sheet metal part is determined by FEM simulation. The
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multiple incremental simulations have interactively run. The objective is, at the end of the flanging process
step, to optimize the trimming line such that the part boundary is of the desired shape and dimensions.
The forming process simulation is used the finite element method, which is based on the incremental
deformation theory and elastic-plastic material modeling. The forming analysis and optimization are carried
out using commercial software AutoForm, which adopts a novel static-implicit algorithm with lower time
cost and higher calculation accuracy.
Processing simulation and optimization of trimming line
Blank outline and trimming line definition need to be made in the following typical cases:
1) Calculation of the customized blank sheet for crash forming parts
2) Calculation of the customized blank sheet for a predefined target boundary of a drawing part
3)Calculation of the final cut contour in areas in which additional forming steps follow (e.g. second
forming, bending operation, flanging operation)
The whole deformation process has to be analyzed to determine the trimming line when using the
finite element method. The forming process simulations need to run several times to obtain the ideal
trimming line. Pre-condition for the calculation of the cut contour is simulations for all necessary forming
and cutting operations. Basing on this simulation you may define parameters for the calculation of the
blank outline and the cut contour. The parameters for the calculation of a trimming line are the target
boundary of the part and the forming process after which the target boundary has to be reached.
Subsequently, the trimming line of part is modified, and the deformation process is analyzed again by FEM
simulation until forming part reaches a specified allowance at every node. Fig. 1 shows the flow chart of
the optimal blank and trimming line design. The whole calculation and optimization courses were carried
out automatically without the user′s interventions.
BEGIN

Die Design with AutoForm-Diedesigner
or Input data from other CAD system

Forming process definition
Processing parameters determination

Primary trim line definition

Drawing process simulation

Automatic modify trim line

with AutoForm-Incremental

Cutting process simulation

Flanging process simulation

No
Is the ideal trim line ?
Yes
Output the optimized trim line

END

— 580—

October21-25,2002,Jeju Island, Korea

NUMISHEET 2002

Fig.1 Flow chart of trimming line optimum by FEM

For the calculation of a cut contour, you need the following input:
•Cut contour to be optimized
•Target boundary for the part
•Forming process after which the target boundary has been reached
In the Fig. 2, P′′ represents a node on initial defined trimming line before deformation, and P′
represents a node of the after final deformation. The node P is on the target boundary, and δ is deviation
between nodes on the final outline and target boundary, which is a key factor to influence iteration times
and calculation accuracy.
Initial outline

P''

Final outline

P'

Target boudary

P

Fig. 2 Nodes move on trimming line in the optimization
There are three key steps in the simulation of the trimming. First, some unused elements should be
removed from the meshes. Next, non equilibrated forces are calculated based on the element’s stress field
for all nodes on the trimming line. Finally, an additional force boundary condition is imposed on each node
of the trimming line, and calculations are continued until all nodal forces on the trimming line vanish.
The accuracy of the calculation of the blank outline and the cut contour depends on the chordal
deviation of the FEM model for the tools and the part.
Examples
Fig.3 shows a car body panel with a flange. In the forming of the part, gravity, closing, drawing,
flanging processes are necessary. The properties of blank material are showed in Table 1. The initial
thickness of blank is 0.8mm.

Fig.3 A car body panel
Table 1 Material property of blank
Property
Value
Young’s modulues, E, (MPa)
2×105
0.3
Poisson’s ratio, ν
R0 1.70
R-value
R45 1.20
R90 1.69
Stress-strain relation, σ (MPa)
450ε0.156
0.15
Coulomb’s coefficient of friction, µ
The FEM models of tools and blank are showed in Fig.5. The final forming step is flanging, the
trimming line need to determinate before this step. The initial blank and the target contour outline have
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been defined by empirical design (Fig.4). With the given initial blank outline and trimming line, then
deformation process has been analyzed until forming finish.
The final blank outline was obtained by 5 iterations (Fig. 4 Hidden line), and it can be export by IGES
format.

Fig.4 FEM models of tools and blank for simulation
Blank outline
Initial trim line
Target boundary
Final trim line

a) Trimming line change

b) Before trimming
c) After trimming
Fig.5 Blank outline, target boundary and part after of the calculation of the cut contour
Conclusions
A optimization of trimming line has been applied to the forming of complex auto body panel. The
modification of trimming line is based on FEM simulations of all forming steps. The trimming line has
been modified to save materials and simplify forming process. Through the investigation, the
AutoForm-Trim is effective to determinate blank outline and trimming line.
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