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NUMERICAL SIMULATION
OF DEEP-DRAWING PROCESS

The article deals with the analysis of formabili§ deep-drawing DCO6 steel
sheets. The aim of the investigations is to vepbssibilities of formability of
sheet metal with thickness of 0.85 mm. The meclahmarameters of the sheets
have been determined in uniaxial tensile and btégés. The numerical simula-
tions using AUTOFORM has been carried out for twawepiece models. Obtained
results can be used during the simulation of r@ahing process.
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1. Introduction

The term process simulation describes all methods by which onererahn
the process parameters are predicted approximately. Thefdtre determina-
tion of these parameters is usually one or more from the followhegking the
feasibility of the process design, evaluating the product properties Vizesase
and optimize the production sequence [1].

The deep drawing process is nowadays frequently used technologynef m
ufacturing products in industrial sphere. Many factors influemoeegaure of
forming process. In order to optimizing this process is necessapgrform
numbers of tests, which results may predict problematic and aréas on the
future product. Due to this are in industrial practice often used numericahsimul
tions which often work on FEM principle and different time imétign scheme.
The most known integration schemes are static implicit and dgnexplicit
integration scheme. In explicit strategy the current timp stesolved once, re-
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sulting from previous time step. Based on required accuracyéekh i® locally
redefined and changed. The problem is not solved again, and the solviegsproc
is not iterated. Method is convenient for a task where th&i@o does not
change in time [2]. Implicit strategy is in every timepss¢arting from the previ-
ous time step and a mesh is generated using local refinemetd deguiring
accuracy of problem, which is calculated resulting from ctmesh. This solv-
ing process is iterated until the estimated error is betweehdunds of interval
of requiring precision. If the time step between new ii@nat not too large, the
time of solving process is usually very small [2]. Nowadays, tiiethod is in-
dispensable in phase of production proposal, because the accuracylts re
obtained during the simulation has been proved in many scientifiswaspe-
cially in cases of irregularly and complicated draws it ba the only economi-
cal way to obtain optimal parameters of production process [3, 4].

The aim of contribution is to verify possibilities of formalyilin the nu-
merical simulation according to material properties of deapdthg steel sheet
reached from uniaxial and biaxial tensile tests. The nunieilcalations using
AUTOFORM has been realized carried out on for two drawpiece Is100-
tained results can be used during realization of real forming pronehg. $imu-
lation of proposed shapes of drawpieces AutoForm software witenhecital
module has been used. It is used to solve exact and also veryiquitisn of
deep-drawing of sheet by using implicit time integration. Thethod is not
appropriate for very quick processes, for example deformation daraxi.
AutoForm uses for the analysis the membrane and shell eleridm software
automatically generates the discreet net. It does not need féoyltdsettings
and corrections of the net made in this way. Considering thesmtades the
time of preparation of model and calculation is radically shortened.

2. Experimental material and methods

The simulation of deep-drawing process has been carried outdees
drawing DC06 BZE 75/75PHOL steel with thickness of 0.85 mm. Exeertiah
material has been mutually zinc-coated, with amount of zinc 74 @hemical
composition of material declared by producer is: C = 0.02%, Mn = 0.25%, P
0.02%, S = 0.02% and Ti = 0.3%. Uniaxial tensile test has been condwected
cording to STN EN ISO 6892-1 standard on measuring equipment B&RA-t
2300. The specimens for tensile tests were cut under the angle of 0°d£®°an
with respect to the rolling direction of the sheet. Valuesmethanical proper-
ties, coefficient of normal anisotropy and strain hardening exp@whieved by
uniaxial tensile test are shown in tab. 1.



Numerical simulation... 563

Table 1. Values of mechanical properties of DC@elst

Dlre[(s]t ion [I\F;’S;] [MRSa] ['2‘/‘:]0 r Im Ar n Nim An
0 145 292 50.9 1.888 0.261
45 151 298 47.9 1.464 1.753 | 0.576 0.255 0.258 | 0.005
90 149 290 48.0 2.193 0.25P

Biaxial tension belongs to the most unfavourable schema of stress by plastic
deformation of sheet. Hydraulic bulge test represents aaadb obtain the
stress—strain hardening curve for sheet metals. Measuretssagady means of
technological card and own software program worked in graphic depen
~Stress—strain”. All samples have been tested to breakntterial. Values of
selected material parameters of DCO6 steel achieved frage best are as fol-
low:

« yield stresRRy, = 143 MPa,

« ultimate strengtiiR,, = 289 MPa,

- total elongatiomA = 59.6%.

To verify the possibility of deep-drawing steel sheet fornitghivo types
of drawpieces have been proposed. Individual geometries have beenmmade i
CAD software CATIA V5. Specifically it is a ,Generati&eet Metal Design”
module which contains many possibilities for creation of optimaleangurva-
tures, shapes and transfer areas. The formability of deepndr&C06 steel
sheets is investigated for drawpiece types A and B (fig.rifjrst case of draw-
piece (A) the height is 50 mm and sheet thickness 0.85 mnanetiher variant
(B) drawpiece height is 90 mm and sheet thickness also 0.85 mm.

Geometry of drawing tools, blanks and breaking ribs in the simulafion
deep-drawing has been deduced from 3D models of proposed variasits. Ba
parameters like curvature radius of the punch and the die atidocand the
shape of braking ribs are predefined in the model. In environmesimafation
border references of tools automatically derived from importedpiea® model
are only determined. Derived geometries of drawing tools aaitcatly gener-
ated in AutoForm with the value of punch and die offset cparding to sheet
thickness of 0.85 mm are shown in fig. 2.

Many models can be used for calculation of hardening curve sigface
and determination of FLC curve. Following models have been chosen:

 hardening curve: Ludwik law — required parameters arenstaidening

exponennh and material constaht or yield strengttr.,

« yield surface: Hill criterion — required variables aresdiional values of

normal anisotropy coefficientsse, rse, e

e FLC curve: model Arcelor V9 — required fields ahgy and a yield

strengthRgo-.
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Arcelor V9 model can be used for steel sheets exhibited fiolgprange of
values of mechanical parameteRsge from 260 to 1500 MPa, sheet thickness
from 0.5 mm to 3.5 mm and coefficiemt. from 0.6 to 3.0.

Fig. 1. Variants of drawpiece A (a) and B (b) witifined basic dimensions in mm

Wariant A Variant B
Blankhao|der

Punch
'

Fig. 2. Geometry of punch, die and blankholder

Complexity of each step by proposal of deep drawing process depends on
complicatedness of drawpiece. For drawing simulation of proposel@isthe
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use of braking ribs has also been necessary. Their geomstriyeka also in
advance proposed as a component of drawpiece. In the simulatibmghbrias
have been assigned to blankholder’s reference. Each steps udefiniton of
process are following:
- definition of blank shape, material DC06 and its thickngss arienta-
tion of blank in direction 0° across to direction of rolling,
« definition of drawing tools references,
- definition of friction — special lubrication with coefficient dfiction
K = 0.05 has been assumed,
« definition of movements of drawing tools for system closing and -draw
ing, assigning of constant force for blankholder and braking ribs.

3. Results and discussion

AutoForm Incremental gives accurate results, where it ssiple to get
easily basic criterion, which shows rightness of choice of teogiwal and con-
structional parameters of drawing process. It is mostlyritexion of compress-
ibility, breaking, waving and thinning. The aim of deep drawintpiseach the
biggest transformation which suppresses the unwanted effegtinglsack and
increases the strength of drawpiece. But unwanted phenomenon like espli
cessive thinning of material, compressing of material andehiok of material
must be stopped.

In the figure 3. distribution of sheet deformation and FLD diagecd the
drawpiece A after shearing-off is shown. In area of the sstaléglius of the
basic outline is a small area (yellow colour) signalizirngessive thinning and
other areas (blue colour) pointing at compression in matégalve can see on
FLD diagram these areas do not represent a risk for prozassmtion, material
is mostly uniformly deformed (green area). In the figure gtribution of sheet
deformation and FLD diagram of the drawpiece B after sheafinig- shown.
As it is a model with the height of 90 mm, the draw is considgmeforming
into final shape at the expense of the thickness of the origlaak (yellow
area). Another defect is smaller area of strain hardenimgatérial (green col-
our), which predicates its lower strength and higher rate of springback.

This analysis gives percentage thinning of draw sheet. Negadlues
mean the loss of thickness, otherwise positive values measipg of material
in certain area. In figure 5. the maximum and minimum value afepéage
sheet thinning is shown. Thinning in the most critical point fordiaav A has
the value of 0.54 mm, which is 36% of the original thickness&8 thm. Thin-
ning in the most critical point for the draw B has the valu@.53 mm, which is
37% of the original thickness of 0.85 mm. Even if the height ohibdel B is
40 mm longer, difference in reduction of thickness in ctitcaas between both
models is fractional. However the size of surface, on whiclhdsmaximum
thinning, is considerably bigger at model B (green area).
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Fig. 3. Final deformation distribution (a) and Fdiagram (b) of drawpiece A
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Fig. 4. Final deformation distribution (a) and Fdiagram (b) of drawpiece B

4. Conclusions

Development of simulation processes of steel sheets formiagnisd on
increasingly exact description of fractional quantity influegcon process.
Many of these have been missed at the beginning of numericallason or
there has been not made an appropriate mathematical model. Qaortritas
been dealing with evaluation of formability of deep-drawing steel she@é D
use of simulation with proposed models of draws with significdfgrdnce of
height (A = 50 mm and B = 90 mm). Tensile test was perforimetetermine
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mechanical parameters of sheet. Qualitative evaluatioesofts for each model
of draws has been described by FLD diagrams where secondaof kiability
(waving) or possibly tertiary loss of stability (breaking)sHhaeen evaluated.
Simulations lead to occurrence of waving, however these arpeeseat waste
in their final shape. Another criterion of evaluation waslyais of thinning
which did not prove splits formation not even at height of drawn@é@ How-
ever the size of area in which excessive thinning occurredgbipan 30%) is
significant for model B.

a)

0.30 Thinning 0.10 -0.30 Thinring 0.10

Fig. 5. Results of percentage thinning of drawpsetda) and B (b)
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SYMULACJA NUMERYCZNA PROCESU Gt EBOKIEGO TLOCZENIA

Streszczenie

Artykut obejmuje tematyk analizy odksztatcalrigi blachy stalowej gboko ttocznej ga-
tunku DCO6. Celem badabyta weryfikacja mealiwosci odksztatcania blach o grusm 0,85 mm.
Wiasciwosci mechaniczne blach okteno w testach jednoosiowego raagania oraz wybrzusza-
nia blachy. Symulacje numeryczne w programie AUTGRMDprzeprowadzono dla dwéch modeli
wyttoczek. Otrzymane wyniki magby¢ wykorzystane do symulacji rzeczywistego procesu fo
mowania.
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