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Abstract. This paper is about an advanced stamping simulation methodology used in
automotive industry to shorten total die manufacturing times in a new vehicle project by means
of benefiting leading edge virtual try-out technology.

1. Introduction

We are talking about a springback compensation process in the automotive tool&die industry.Usually
one part can only be produced through four operations to its final shape.To perform four
operations,you need four dies and four presses which are building together a pressline.

Neither springback prediction nor its compensation is given considering only one forming
operation.All existing operations of the part should be taken into account to reach desired results.For
that reason we developed a methodology which we call as stamping simulation system.Accurate
springback prediction is the key point of that system.All other following processes are depending on
the success of prediction.The main goal of virtual try-out engineering in the industry is always to
decrease die manufacturing costs and delivery times.If your prediction is not enough accurate than you
can not decrease the costs and times because you would have to recut the dies at the try-out.

2. Components of Stamping Simulation System

Stamping simulation system is a die process work flow including all aspects of stamping an
automotive part within satisfying tolerances. The basic goal of that system is to solve all issues of the
part during the die process phase and will have not any need to touch the dies at the try-out.

In the figure 1 you can see the general phases of a die manufacturing project and the above
mentioned die process phase during which we implement the stamping simulation system.It begins
with formability studies and ends with a virtual try-out step.One of the interesting things of that
system is that we are also reporting and reviewing the die process output with the management with
help of a virtual inspection report which is corresponding to the ISIR (Initial Sample Inspection
Report).ISIR is the name of try-out measurement reports of the stamped parts used for part buy-off.In
the figure 2 steps of stamping simulation system are showed in detail.
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Figure 1. Die manufacturing phases and virtual try-out concept

Stamping Simulation System consists of the following two distinct phases.

Draw Development and Simulation

Full Process Simulation (Validation of the process) 1. PHASE
Virtual Inspection Report-1

Process Data Release for Die Design

Y ¥ VNG

53

*

Decision of Compensation Strategy

Application of Compensation

Full Cycle Simulation (Validation of the Compensation) 2. PHASE
Virtual Inspection Report-2

Process Data Release for NC Machining

.
"

.
o

9,
X4

*

5

8

PROCESS DATA FOR DIE DESIGN PROCESS DATAFOR NCMACHINING

1
| | UPV2 i |

A e ] | |
DIEDESIGNSTARTS |~

Figure 2. Components and phases of the stamping simulation system
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2.1. Draw Development
Draw development is the most important phase where binder and addenda surfaces are developed for a
part forming the draw die surface together.

In the figure 3 some of the main post-processing parameters are listed which must be checked
during draw development.Before any springback compensation, minimizing opportunities of it should
be carefully studied.Minimizing springback is the best compensation method.We are using only
Autoform as FEA software for all kind of simulations.

+  Gravity+closing conditions * Drawbead parameters
a. binder stroke determination a. adaptive line bead usage investigated

b. Determine min. BHF force with gap sims using

b. punchsuspend  (big outer panels) c. Try-out BHF must be (1,15%otal upliftforce) according to finalized geometrical
c. pre-accelaration (~15 mm. allowance considered) drawbead sim results
d. pilots ( set with a 0.1 mm tolerance) d. Try to use deep but relatively big radii drawbeads to prevent splits on the addenda
e. wrinkling and plastic strain check ( no wrinkle and plastic strain inside trimline) wall. If required use second drawbead.
f. Firsttouch point  (for outer panels) ===
Splits o
a. FLD (linear and non-linear strainpath investigated) Blankholder force is ~15% higher than
b. Failure level (risk of split region and excessive thinning studies ) | total uplift force to reduce spotting
Wrinkles

a. Breakdowns (last 50,30,20,10,5,2,1 mm states investigated for geometric wrinkles)
b. Minor strain (wrinkling trend,potential wrinkle areas )

c. Minor stress (stress based wrinkling must be investigated for surface defects)

d. Wrinkle criteria,surface distortion

Draw-in

a. Use draw-in for correlation with try-out results

b. Mark draw-in limit curve (borderline) on the draw die.

c. Provide borderline limit min. 5 mm. after drawbead. Especially for outer panels.

Thinning
a. About 20% thinning levels must be carefully investigated. +  MUD% and blank requirements
b. Excessive thinning and non-linear failure dependency checked a. Try to catch MUD targets without quality loss.

. Springback requirement for pattern
a. Calculate springback. Revision on pattern necessary ?

b. Minimizing springback is the best compensation method.
= Increase plastic strain and provide uniformity as possible.
= Adjust drawbeads and blank dimensions.
= Material went through drawbeads must be remain outside of trimline if possible.

Figure 3. Details of Draw development

2.2. Springback Compensation

For a satisfying springback compensation there should be some strategies you can
follow.Compensation is seen as a process because all operations of the part must be considered and
will be affected because springback differs after each operation.What we want is that stamped part
would be within %90 inside the satisfying tolerance limit.In the figure 4 several compensation
strategies are showed which we apply according to the springback behavior of the part.
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Figure 4. Compensation strategy samples
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2.3. Virtual Try-Out

Virtual try-out is a final validation purpose advanced level simulation.If something not satisfying with
the results more than one iteration (virtual quality loops) can be done until you achieve expected
results.In the figure 5 parameters of a such simulation is listed.

« Simulation with morphed surfaces and all operations.

« Springback calculation after each operation.

+ Fitting of blank checked and studied for all operations. (gravity+locating)

» First trim tool developed according to springback after draw.

» Used tool structures are taken from die design (pad relief taken into account)
» Forces similar with die design (gas springs, pad force, air cushions etc.)

« Trim operations are performed with pad as the reality.

» Geometric drawbeads are used. (Mesh size must be small accordingly)

Figure 5. Items of the virtual try-out simulation

3. A High Strength Steel Case Study

One part from our projects is given as an example below.Its material is HSLA380 and it has a
thickness of 1 mm. There is a special point on the springback prediction of HSS parts.You must
consider kinematic hardening which has a big effect on the springback results.The below part is a
good example for that.In the figure 6 comparison can be seen between the virtual part and real
stamped part.All phases mentioned in the above sections are applied during compensation process.

N _— virtual inspection after compensation process = optical inspection of the stamped part
springback prediction oy
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Figure 7. Stamped part on the checking fixture



