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ABSTRACT: A decisive criterion for the selection of the opdl press line within the press shop's
layout plan is the required press force. The prfesse necessary to form the component is defined
significantly by the stroke range and the corresiiom bottom dead centre. The latter finalises the
embossing process commonly used for reinforcedtstres on body components. The high forces required
hereby strongly impact the deformation behavioutheftool and the press and result in force remergs
specific to individual presses. This paper dealshwhe accuracy of force calculation for forming
simulations. In doing so, a reliable measuring gésuntroduced for repeatable calculation of teeassary
bottom dead centre. An abstract of the establishiéerion is developed and implemented in a sadigirfing
programme used for high-precision force calculatibhis is followed by examinations of the deforroati
behaviour of tools and presses.
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1 INTRODUCTION required forces and demands a more precise
] o ] calculation of the required press forces.
Increasing efficiency in the product development The previously used values are based on an
process is achieved through standardisation and theympossing force calculation using CAD software
synchronisation of the development and planning 2], the determination of the maximum force in the
processes as well as through the shifting of forming simulation or a depth of experience with
workloads to the early phases of the product simjlar components. However, examinations have
development process (frontloading). The objective giscovered substantial deviations between the
is to allow the product to be influenced as eady a cajculated and the real values, which are based on
possible with regard to production technology and jnsyfficient criteria for bottom dead centre, o th
economic aspects. Such influence is realised yse of shell elements during the embossing phase
through dlgl_tal factory techniques (e.g_._5|n_1ulat|on as well as on the fact that tool- and press-sgecifi
of production processes) and utilisation 0f characteristics were not given consideration. These
experiences gained in previous projects. _ deviations can lead to substantial costs for
Options for influencing individual body parts with - changes/replanning where force requirements are
regard to economic aspects and production yngerestimated and to high collateral costs where
technology — and thus options for reducing costs —fgrce requirements are overestimated.
are, for instance, increasing the material utiligat
elimination of process stages and the correct fayou 2 ANALYTIC PROCEDURE
of suitable press lines. For example, assigning the
optimal product spectrum to the press lines has aThe press force required for optimal press
substantial impact on the line's productivity. allocation cannot be correctly calculated by curren
A decisive criterion for the selection of the optim  forming simulations due to the restrictions inhéren
press line within the press shop layout plan is the in model creation. On principle, the required farce
press tonnage. should always be defined as the press force, tool
The continually increasing use of high- and higher- force and forming force as depicted in Figure 1.
strength steels results in significantly higher Here, the forming force is that force which current
forming simulations are able to calculate without
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considering elastic boundary conditions and which Bending force was determined by performing tests
comprises bending, friction and ideal forming using a top-hat profile. With this type of swage
force. The accuracy of the simulation was bending with binder, the process itself eliminates
examined in extensive laboratory tests in order to stretch-forming proportions while the use of
decouple the individual force proportions from one drawing film, drawing grease and displaced binder
another. substantially reduces friction proportions. The
matrix radius is 10 mm. In total, five different
TooliEbrce materials were tested at two material thicknes$es o
1.2 and 2.0 mm. However, depending on the
software, the subsequent simulation deviated from
the experiments significantly, in some cases by up
to 100%.
The ideal forming force was determined by
conducting tests using hydraulic bulging at 200
mm diameter, which eliminated the friction
|| proportion and also facilitated as low a bending
Stz proportion as possible. Three different materials a
two different material thicknesses were examined.
Figure 1: Definition of required forces to form To allow a comparison, the f_ormlng. P‘egfee was
stamping parts [4] recorded via a matrix grid in addition to the
displacement height. For the further comparison,
flow curves were extrapolated using the collected
The tool force results from the elastic deformation data [5]. In addition, material thickness, geometry
work as well as the friction influences generatgd b and main forming degree were incorporated in the
the guides and the draw-bead opening forces andcomparison. The subsequent simulations were
can be calculated using a force-measurementperformed using the software Pam-Stamp 2G 2007.
coupling plate. The tool influence was examined A good level of consistency with the experiments
by setting up two tools with identical active was determined. (Fig. 2)
surfaces but different base designs which
facilitated the determination of the influence loét .
tool's rigidity on the force required and an
assessment of the necessity to incorporate this
factor in the forming simulation.
The press force also includes friction forces
generated within the ram guides and additional
deformation work particularly in the interaction
between the ram and table rigidity. On mechanical 10 -
presses, the press force can, for example, be 0,/~
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A comparison with the simulation thus raises three Figure 2: Comparison of bulge test experiment and
guestions. simulation

No additional tests were conducted for the
comparison of the friction values as a high number
of tests have already been performed in this regard
. . in the past and friction force ultimately has a
* When is bottom dead centre reached in negligible influence on the required forces for

practice and in the simulation? .. reinforcement embossing and the final embossing
 How can the tool- and press-specific fihe radii. (Fig. 3)

parameters be taken into account?

« How accurately do current programmes
calculate the force requirement based on
stroke?

Finally, a multitude of tests were conducted for
embossing using various numbers and shapes of
3 FORMING FORCE reinforcements owing to the high force/travel
gradient. Here also, five different materials abtw
material thicknesses were used.

Current commercially used simulation tools for
blank forming do not offer satisfactory
representations of the force curve for embossing.
This can be explained by the restrictions in
discretisation. The use of shell elements resaults i

The force required for the forming of a component
— the overall total forming force+F consists of
the proportions bending forceg,Fideal forming
force K and friction force E

F,=F,+F +F )
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simplifications of the tension state in favour of be used as the basis for the development of a

calculation time. guantitative criterion.

Consequently, the stretch-forming production

process embossing is to be recorded using an R&D| bottoming marker blueing prin comparision of radii
. el :

tool from solid forming and employing volume
elements. Figure 7 illustrates that the force curve
when using volume elements deviates only
marginally from the real-force curves up to shortly
before bottom dead centre.

Figure 4: Three options for determining bottom

dead centre in practice
1200 +

TRIP700 2,0mm lubrication

TRIPT00 2.0mm iy To develop a method that will be suitable for serie
900 1 H260LAD 2,0mm lubrication production, the force at the BM is to be measured
—— H260LAD 2,0mm dry using a force gauge. To this end, a miniaturised
“““ H260LAD 1,2mm dry force gauge has been designed which will replace
the standardised spacer disc beneath the BM. Thus,
only a small additional bore for cable routing is
necessary.
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Figure 3: Force curves for embossing varying =
parameters Y% \ X\ /*%\
The deviations occurring shortly before bottom \ : IZ\\

dead centre is reached can be attributed to the us /// ,;ﬁ ///< ///W

of rigid tools and the lack of an abortion criterio
for real tool closure.

The results arrived at allow the conclusion that th
calculation of the force requirements throughout
the deep drawing process can be depicted well forfigure 5: Force flow through bottoming marker

larger bending radii. To calculate the force reedir

for embossing, good results are achieved throughlLaboratory tests using a tensile/pressure testdevi
the use of a solid forming programme as of a few are to establish a characteristic criterion witthia

Ir, F

millimetres ahead of bottom dead centre. force curve, by which the discrete time of tool
closure can be determined with the greatest
4 TOOL CLOSURE possible accuracy. The force curve changes at the

point of complete engagement as forming closure
In practice, bottom dead centre is usually occurs in the tool, thus resulting in a closed-loop
determined visually. Statements can be madeforce flow (Fig. 5).
regarding tool closure, for example by creating a The measurements on the test stand are performed
blueing print, by comparing the target and the with varying blank quality, material thickness and
actual status of selected radii, by measuring theBM shut height in order to determine all factors
remaining drawing gap using lead fragments and influencing the force curve and the ideal
by stamping a bottoming marker on the component embossing force. A strong dependence on blank
(Fig. 4). quality and BM shut height is apparent. Therefore,
All currently employed methods suffer from the ideal embossing force cannot be used as a
subjectivity and thus from a lack of reliability criterion for bottom dead centre as the materidl an
when  determining  bottom dead centre. the BM shut height vary.
Furthermore, statements regarding tool closure areThis means that a criterion is sought that displays
merely qualitative — the discrete point of time the greatest possible independence of the stated
cannot be determined. It is therefore necessary tofactors.
define a criterion for as precise a determinatisn a The laboratory tests demonstrate that the force
possible of the time of tool closure and the acting increase/time curve can be subdivided into
forces. The most commonly employed method is characteristic phases. One of these phases is tool
the use of the bottoming marker (BM). Owing to closure. Extensive tests using the tensile/pressure
the durability and the simplicity of documentation, test device have shown that the qualitative
this method is used in series production. Becauseforce/time curve is independent of material,
of its proliferation in the press shop, the BMas t material thickness and BM shut height. The

defined criterion determining bottom dead centre
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via the force increase was subsequently validated
and verified using real tools (Fig. 6).
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Figure 8: Geometric integration of the BM into the
simulation model
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Further examinations demonstrated an almost
entirely linear interrelation between the ideal
embossing force and the BM shut height. In

In regard to the required punch force, the precise €oNSequence, the tension required for complete
determination of bottom dead centre in simulations forming of the mark depend solely on the material.

of blank forming processes is as important as the!nstead of the geometric integration of the BM, a

determination in practice. volume element ha; been placed in the die as a
As Figure 7 illustrates, an abortion criterion in Substitute model (Fig. 9). Volume elements offer

regard to die filling is required. A basis for thiss "€ advantage of being able to depict all tension
provided by the previously conducted examinations States.

for the practical determination of bottom dead
centre.

time [s]

Figure 6: Validation using real component
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With the aid of the substitute model, the standard
contact tension acting on the integrated volume
Figure 7: Maximum force for various FEM element can be selected as the abortion critelfion.

programmes this standard contact tension exceeds the minimum

An initial approach is to geometrically integraet ~ €nsion value determined via relation (2), the
BM into the simulation model (Fig. 8). However, aPortion criterion has been met.

this bears the disadvantage that the BM's
diminutive dimensions necessitate a high mesh o = Fembos @)
resolution for the component, in turn increasing min A,

calculation time. Also, cutting processes during th . M

intrusion of the BM into the workpiece are only Figure 10 shows the curve for standard contact

insufficiently depicted by the simulation leadirg t tension for the volume_ eler_ner_lt. In benchmark
a corruption of the determined bottom dead centre €StS; t_he abstract ab(_)rtlon criterion demonstra_ted
in the simulation. Additionally, the geometric ](C:Iear_ |mfprovemen:j In r_egadrd_ tohthe_ re:qu_wed
integration is only suitable where the workpiece is C(:)rmmg (k)Jrce_ as determine ”];' th_e h5|mu gtmna
discretised by volume elements, thus ruling out the urrent abortion criteria, most of which are base
use of many blank simulation tools. on the principle of distance measurement, cannot

This means that a substitute model must be used aguarantee that the simulated bottom dead centre is
equivalent to the actual one.

an aid. As the ideal embossing force in dependence S L

of the material and the BM shut height has already Furthermore, initial __examinations hgve

been established by the laboratory tests, thedemonstrated a necessity to integrate elastically

minimum tension required for the complete mOde"(?d tools. Here, the force-controllgd

forming of the BM can be determined. simulation has proven to _be_ favourable,_ meaning
that the corresponding criterion results in a clear
improvement in regard to the determination of the
required force — and corresponds to the bottoming
marker used in practice.

displacement [mm]
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Figure 10: Force curves of experiment and
simulation using Femutec Forging SFM 8.0

5 TOOL DEFORMATION

Experiences from tool and die and the press shop — T
have shown that tools in some cases requiregigyre 12: Punch on press table, contact behaviour

significantly different forces for component
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increased force required for the establishment of a
uniform contact pressure image through a force-
controlled simulation and a corresponding “read-
out criterion”. The increased force requirement
results from the use of the tool on a press with a
substantially higher rigidity. The interplay of the
highly rigid ram and relatively soft table results
substantial additional deformation work.

of punch retainer and table

embossing when used on different presses. These
discrepancies demand detailed examination of their6 CONCLUSIONS

causes as they can result in substantial problems i
the forces are insufficient at start of production.
This also leads to the necessity of taking toot an

press-specific characteristics into account in the
forming simulation when calculating the required

force.

To examine the influence of the presses, complete

measurements according to DIN 55189 including
additional table and ram deformation were
performed. In the following, the results of the
measurement of a 1,000t hydraulic press,
simulated under elastic boundary conditions, are
compared. Here, only the deformation of the table
proved to be a decisive factor.

Simulations using the entire press frame proved to
be difficult as the press at times displayed
asymmetrical behaviour contrary to the design
drawings. In order to make a simple-parameter
substitute model for the mounting available, the

sliding bolster was mounted on a press bed, the

behaviour of which was adapted via geometry and
E-modulus to the measurement values resulting
from the loading test (Fig. 11) [3].

experiment
simulation

0 elements

1,00

Figure 11: Parameterised table model in LS-DYNA
and comparison of simulation and experiment

Finally, measurements were performed using a

The force required during the deep drawing phase
when manufacturing body components can be
depicted sufficiently by the forming simulation.
Increasing deviation must be expected with an
increasing share of small bending radii.

A significantly more accurate calculation of the
maximum force required for embossing just before
bottom dead centre is reached can be achieved in
the simulation by wusing a solid forming
programme. A future concern will be the
implementation of algorithms suitable for mapping
shell elements on volume elements.

An accurate and reliable determination of bottom
dead centre is possible through the integratioa of
force gauge underneath the bottoming marker.
Integration of an abstract bottoming marker in the
forming simulation leads to clearly improved
results.

Measurements show a substantial impact of tool
and press on the maximum force required. Taking
table and ram bending into account facilitates a
more accurate press-specific calculation of the
force required.

Further examinations will now focus particularly
on the integration of substitute models into the
forming simulation to allow for elastic boundary
conditions so that these methods can be used in
production planing.
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