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Abstract: Home appliance industry spends millions of dollars for Formability testing of new developing sheet metal components. Current
product Development cycle can be tedious and expensive procedures, particularly when physical prototypes are required on quick basis.
When a tangible model is involved, the components must be designed, built, tested, and then fixed accordingly. With Simulation aided
development cycle, product moves straight from design to analysis, and then finally to build. Sheetmetal Manufacturing Simulation allows
product design teams to view, common defects such as splits, wrinkles, springback and material thinning, all before manufacturing ever
takes place. This paper outlines the methodology used for correlation of Sheet Metal parts formability. To validate simulation model,
Formability check of freestanding cooktop performed after actual Manufacturing. In Simulation Approach, in order to align well with the
exact solution, minute details are taken into consideration such as tonnage and process parameters such as Blank Holder Force, die corner
radius, friction coefficient, and die clearance. Simulation methodology results compared with metrology lab data and correlation level
analysed. A good correlation was observed from test with simulation data. Correlation levels in Free Standing Range cooktop product had
agreement above 94%.The correlation performed with thinning and formability parameters like cracks Or splits, Inadequate stretch. These
correlation data points will help organisations to designing new components and digital exploring new design in terms of material variation
and geometry variations. This proven model helps to arrive at appropriate decision for selection of optimized and better sheet metal Design.

Keywords: Sheet metal forming,Product Development cycle, Forming Limit Diagram,Formability Simulations

H _ n
1. Introduction 6 =Ke
Metal forming processes are characteristic in that the metal ~ Where, o — Stress
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the sheet metal forming operation from shearing, Bending
and Deep drawing lies in the strain hardening region of
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A simple power law will fit the data well for annealed sheet
which is the primary material input for any metal forming
simulations. Simple power law for a metal shall coincide
with test data for better predictability, shown in Figure 3.
Simple power law has disadvantage that it shows zero stress
to zero strain condition which is impossible in reality. In
numerical models, the actual stress—strain curve can be used

be expressed by the simple power law curve relation.Strain nput, but in a mechanics model it is preferable to use a
P y e p ' simple empirical law that approximates the data.[1] In the

2?;?32';?8222\%0;‘:%gege?:rCli:?teljglged with Log log graph sheet metal industry, strain diagram showing the different
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Figure 1: Typical Engineering stress strain Diagram

The flow stress is the instantaneous value of the force
necessary to continue the yielding and flow of the work
material at any point during the process. The flow curve of
many metals in the region of uniform plastic deformation can
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deformation shape are often plotted in terms of an
engineering strain diagram. This strain diagram helpful in
terms of Understanding the deformation which is plotted for
yielding of material. Yielding graph is a half elliptical
presentation for a typical sheet metal. Shown in Figure 4.
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Figure 4: Different deformation modes corresponding to
different strains and deformation shapes.

Forming Limit Diagram provides a method for determining
process limitations in sheet metal forming and are used to
assess the stamping characteristics of sheet metal
materials.[3] If strains are measured for many different strain
paths in both quadrants of a strain diagram, shown in Figure
5, it is possible to establish a ‘Forming Limit Curve’ (FLC)
that exact represents the boundary of uniform straining and
the start of local necking[1]. This FLC curves are imported
in simulations to set Limiting Values for simulation output.
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Figure 5: Typical Forming Limit Diagram showing
experimental necking strain

Product development cycles can be tedious and expensive
procedures, particularly when physical prototypes are
required. When a tangible model is involved, the components
must be designed, built, tested, and then fixed accordingly.
With Simulation aided development cycle, product moves
straight from design to analysis, and then finally to build.
Sheetmetal Manufacturing Simulation allows product design
teams to view, common defects such as splits, wrinkles,
springback and material thinning, all before manufacturing
ever takes place. Virtual prototyping or Simulation allow for
the digital exploration of a complete simulated product
before it is actually built, decreasing the number of rebuilds
necessary and minimizing material waste. Organisations now
have opportunities to move towards the simulations which
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allows to test product without destroying the physical
product once the validated model has been set in simulation.

Refer Figure 6 for understanding the difference in
Conventional cycle and Simulation Aided cycle.
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Figure 6:Simulation Aided development cycle Vs
Conventional development cycle

Sheet metal forming requires more time to be spent on
various tryouts and prototypes and soft tools to arrive on the
formability. Tools needs to be modified as outcome of tryout
and trial and error method. During the process of finalizing
formability tools, more money is spent on the tools, which is
directly influencing the cost of production facility. The
advantages of Metal Forming Simulation is to view the
forming simulation virtually before the tools were
manufactured with considerably lesser expensive way. The
inputs required are the punch and die surfaces in a CAD
format and the mechanical properties of all the materials for
the simulation such as Power law curve value, Forming
Limit curve and process related parameters. Any
modification required during the try out can easily be carried
out in the CAD surface which takes very less time.

2. Methods

Baseline simulation evaluation carried with physical test and
correlation performed. Improvements in FE model based on
test correlation done over tool set ups modeling contact
parameters, Adaptive mesh levels and tolerances. Simulation
based design modification suggested by carrying out
multiple iterations with material differences, geometrical
changes and variations in process tolerances which will
ultimately reduce the build-fix-rebuild time. Method shown
in Figure 7.
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Selection of best Simulation
model for Physical Testing

Multiple concept FE
model Creation and

Simulation and Test Correlation
Simulation Aided Changes in FE models

Based on Test results

Design Modification

O

Final tool releases

Based on confidence level and available
correlation data points .these steps can be
neglected in future

Figure 7: Design validation process

2.1 Manufacturing Approach

Manufacturing set up required to consider multiple factors
such as Oil Lubrication, Blank Orientation and clearance,
Speed of tool and bolster force. Important parameters are
taken into consideration and recorded for simulation input.
Tooling set up CAD provided as input to Simulation.
Cooktop Manufacturing Process flow shown Figure 8.
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Figure 8: Manufacturing Process flow

2.2 Simulation Approach

A Free Standing Range cooktop has been chosen as the study
subject. All the tools would be modeled with the finite
element modeling in the LS-DYNA software. Entire tool
setup with simplified Model needs to be considered for the
simulation. Modeling of tools can be done in other way when
there is no tool setup available.With other case the tool is
been generated from actual product. Disadvantage of this
method is it does not necessarily predicts parameters related
to manufacturability. But one can have an understanding of
various concepts and gives us confidence on best concept
among set of concepts. Simulation Approach typically for
Multi Stage forming given in Figure 9.
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Figure 9: Typical Multistage Simulation Approach

CAD of tooling has been considered for FEA modeling of
Important component of Stamping process that are Die,
Punch, Blank and Binder. Set up in simulation necessarily
depends on the part complexity.Single stage forming or multi
stage forming selection evaluated in simulation and gives a
fair idea about process. For cooktop forming simulations
Multistage Or two stage forming planned in strategy. Refer
figure 10 for FEA models generated from CAD.
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Figure 10: Tooling CAD to FEA conversion

First stage is to form the basic shape. Second stage
necessarily ring and Burner surfaces forming. Refer Figure
10. For simulations bending and deep drawing considered,
Since other sheet metal forming operations like Trimming
and Flanging are less prone to cracking or tearing. The
traditional approach to design the tool geometry by finite
element simulations is by rigid elements. Obviously, if
elastic deformations are to be accounted for in such
models, the assumption of a rigid tool geometry needs to be
abandoned.[2] Using of Rigid tool has advantage being less
expensive in terms of wall solving time. Mesh Setting for
Tool Rigid Body surfaces that are expected to be treated as
undeformable in the solution i.e Die, Punch & Binder. Rigid
body mesh focuses on accurately modeling the shape of the
body rather than on producing a high-quality mesh as shown
in Figure 11. Die, Punch, Binder are treated as rigid surface.
For Blank start with a larger initial element size and let the
mesh be automatically refined in the high curvature regions.

Volume 3 Issue 6, June 2019

Www.ijarp.org




International Journal of Advanced Research and Publications

ISSN: 2456-9992

With card *Control_Adaptive. This first iteration can be
done to check the element size required to capture minimum
feature in model.

Figure 11: Rigid tool mesh creation

Auto Position option in hyperform allows us to set the deep
drawing operation. In first stage crashform and second stage
set up has been done with single action draw with support.
These autopositions replicate different scenarios from
manufacturing such as Flanging, Trimming, Springback.
Penalty-based contact interfaces are recommended for most
metal forming simulations.
CONTACT_FORMING_ONE_WAY_SURFACE_TO_SUR
FACE is recommended for draw action. Draw beads are used
to control the flow of sheet metal into the die cavity during
stretch-draw forming of sheet metals. They prevent
wrinkling in formed sheets, reduce the blank holder force,
and minimize the blank size needed to make a part. Draw
bead restraining forces (pulling forces) and failure locations
in the formed sheets are usually evaluated by using draw
bead simulation tooling. Draw bead simulation apparatus is
used to assess the influence of variations in material, bead
penetration, and friction conditions on the draw bead
restraining force. Full lock force is the force calculated form
blank thickness and tensile strength of material. Restraining
force is the pulling force which allows the material flow
inside the bead. Line drawbead are modeled in FE modeling
instead of physical drawbead. Drawbeads can be included
directly on the Die surfaces. However, analytical (line)
drawbeads are most commonly used to reduce the simulation
time. Several material models types for forming simulation
1, 3, 18, 24, 36,37 and 39 are available. Among these, type
37 is most commonly used. As mentioned in the introduction
section, Effective stress Versus effective strain data to be
used carefully and matched with poser las curve. LS Dyna
uses quasi static algorithm to solve forming operations.
Solving requires time depending upon the adaptive level and
complexity of geometry. It also depends on the Lankform
coefficient(R) and Strain hardening coefficient(n) specified
in input keyword file. Lankford coefficient provides a
measure of how well strip material can be drawn.Strain
hardening exponent, or n value, has a greater capacity for
being formed

3. Results and Discussion

3.1 Thinning Comparison

Thinning is the thickness reduction along the sheet metal that
would generate a fragile region where there would be risks of
cracks. Thinning is the reduction of sheet metal thickness
due to overstretching the material during drawing. The
friction, sheet metal thickness, and geometries (radius, size,
depth, draft angles, etc.) are all factors that can impact in the
thinning. The forming simulation is able to identify the
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region and percentage in thickness reduction that we would
have after forming considering the shapes of the cooktop
under study. However, the part designer should review the
thinning results and determine if they are acceptable with
respect to part structural performance requirements.

Variability Chart for Thinning (%)
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Figure 12: Thinning Value comparison with Lab

For validating simulation model, output from the simulation
taken with different levels of Adaptivity in mesh and
Adaptive tolerance. Adaptive level is Maximum number of
refinement levels in mesh.which will allow simulation to
capture the profile more accurately and finer way. Adaptive
Tolerance is the Adaptive error tolerance in degrees. With
Simulation parameter, Adaptive Level 4 and Adaptive
Tolerance 1 gives better correlation which greater than 94%.
Refer Figure 12 and 13.
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Figure 13: Thinning Correlation with simulation

3.2 Formability visual checks

The formability plot from simulation reflects the regions
where the sheet metal can have Cracks, risks of cracking,
wrinkles, and thinning based on the minor stress and major
stress calculated through simulation. Cracks, Risk of cracks
and severe thinning should not present on the cook top for
Acceptable formability. Figure 14 shows the contour for
formability for good and bad region in the formability of
cooktop. Highlighted wrinkling zone observed in Lab model.
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Figure 14: Formability Correlation with simulation

3.3 FLD from simulation

The Forming Limit Diagram(FLD) together with the
Forming Limit Curve (FLC) provide a method for
determining process limitations in sheet metal forming and
are used to assess the stamping characteristics of sheet metal
materials.[3] The Forming Limit Diagram (FLD)is to
analyze data as it plots each element’s strain (in major and
minor axis) on a graph and compares it to the material’s
limits to determine if any of these defects will be present. A
guantitative assessment of part formability is done with FLD
graph. Forming Limit curve (FLC) defines material splitting
region. Marginal zone is the region between Red line and
yellow line. The lower boundary of the marginal zone is
typically defined as 20% offset from FLC. Part formability
is unacceptable if points are in the marginal zone or above
the FLC. In simulation Forming Limit Curve plotted with
material Thickness(t) and Hardening exponent(n). One can
put FLC curve as input for material limits.

Major True Strain

Minor True Strain
Figure 15: Stage two FLD output for formed cooktop

4. Conclusion

Sheet Metal forming mechanics related to material studied
and their inclusion in simulations gives more insight of
forming process. Organisations can be largely benefited to
carry the forming simulations virtually and thus reduce the
manual tryouts on the manufacturing facilities which
involves expenses of time and cost. Tool Designers performs
manual tryout which comes from experience. Conventional
manual trial and error method can be replaced with
simulation methodology. One of the major outcomes can be
seen with simulation is Blank size. Simulation can able to
predict its behaviour with different blank sizes and allow
selection of optimised size to reduce waste. Number of
stages can be optimised by sequencing various
manufacturing processes. Using HyperForm and LS Dyna
Program, any modification required to modify the die or the
component can be carried out and multiple iterations can be
performed. These iterations are changes in Material,
geometry changes. Which will allow us to select optimised
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design for better manufacturability. A FE model of the Free
Standing Range cooktop has been developed to simulate
forming simulations by the LS-DYNA program. Finally, the
FE model results compared, analyzed, with thinning and
Formability criteria. The results shown above validate the
model, can indeed provide reliable results and be used for the
evaluation of other components. This methodology can be
used by the Sheet metal Design Engineers and tool designers.
This LS Dyna tool results in significant cost reduction by
reducing the number tryout parts. This is an integrated study
of the FE method simulation of cooktop formability, as well
as the solution for the typical problems.
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