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EXPERIMENTAL AND NUMERICAL ANALYSIS
OF THE DEEP DRAWING PROCESS USING
OPTICAL MEASURING SYSTEM

In this paper optimization of the deep drawing psscwith using a modern photo-
grammetric measurement system is discussed. Thétsredtained from optical
measuring are compared with the results of a nwalesimulation. The numerical
simulation of this process was performed using¢ammercial FEM codes, which
use different time integration schemes. Variousltssre illustrated in the details,
compared and discussed. Optimization of the deawidg process can reduce the
amount of product defects, production cost andio@rove the quality of prod-
ucts.

Keywords: deep drawing, numerical simulation, photogrammetneasurement
system

1. Introduction

The deep drawing process is nowadays frequentlyl usanufacturing
technology in the industrial sphere. Many factoffuence on a procedure of the
forming process. These factors include for exantipdeholding force [1, 2]. In
order to optimize this process, numbers of test® lta be done. Their results
may predict problematic or critical areas of theafiproduct. Due to this in the
industrial practice, numerical simulations are oftesed and they are based on
finite element method (FEM) analysis and differénte integration schemes.
The most known integration schemes are the statgidit and the dynamic
explicit. There are many publications which clamattonly the dynamic explicit
time integration scheme is accurate [3-5] or ohlg static implicit scheme is
accurate enough [6-8]. In explicit strategy therent time step is solved once,
resulting from previous time step. Based on regu@ecuracy a mesh is locally
redefined and changed. The problem is not solvathagnd the solving process
is not iterated. The method is convenient for taskere the solution does not
change in time [9]. Implicit strategy is in eveime step starting from the previ-
ous time step and the mesh is generated using rleitaément due to requiring
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accuracy of the problem, which is calculated ondheent mesh. This solving
process is iterated until the estimated error tavéen the bounds of an interval
and requiring precision. If the time step betweemew iteration is not too large,
the time of the solving process is usually very If®. The results of the nu-
merical simulation may be compared with the ARGUWStpgrammetric meas-
uring system. The ARGUS is the contactless meag@ystem that on the basis
of optical scanning allows predicting critical aseahich take place during the
forming process. On the sheet metal, a grid ofleippints is etched before
forming. The size of these points is between 1 @&mnam. The grid is deformed
at the same time as the sheet metal is deformesigfiiti of circle points is de-
formed by the influence of direction and intensifystresses, and its shape is
changed. The measurement depends on the photogtampnmciple where the
surface of a stamped part is scanned using a C@ireain high resolution.
Pictures are taken from different angles, and 3braioates of grid points are
computed using image processing. Distances betpeiaits of the grid are de-
fined by lateral distortion. On the basis of lawvolume preservation distribu-
tions of major and minor strains, thickness redurctor critical areas of the
drawn part are computed. Based on the defined rmktErming limit diagram
(FLD) is plotted [10]. After all points are recoged, the 3D model of the drawn
part is rendered, and analysis of strains, streffseshickness over a section can
be performed. There are several studies which de#itthe similar problems
[11, 12]. The material of a blank defined in themauwical simulation was in the
case of a yield function approximated using Hilly8ld function which is de-
fined by the following law [13, 14]:

¢(Uij)= |:(022_033)2 +G(‘733_‘71])2+ H (011_‘7 232"'
+2Lo2, + 2MoZ+ 2NoZ,- 2= 0 (1)

where: @(g;) — stress components with respect to the coomisyatem,
F, G, H, L, M, N — Hill's anisotropic parameters, which can be esped
by a normal anisotropy,
Oz, Oz3, Oi1, O3, O31, O1p — plane stresses; suffix 1 is parallel to the
rolling direction, 2 is parallel to the transvedigection,

O - scaling factor.

o =1 - N:(r0+r90)(1+2r45) o
rgo(r0+1), ro+1 ro+1 290(1+r0)
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where:rg, r4s roo— values of the normal anisotropy measured in dioestiO®,
45° and 90° respectively to the rolling directi
L, M —coefficients whictare equal to thal.
A hardening curve wedefined by values obtained experimentally arb-
sequently approximated with the Hoc-Sherby material model [1£

2. Objectives and approacl

The aim of the experiment was to carry out the &itan of the deep dw-
ing process in the explicit and implicit commerdaltware and then the rest
are compared with the real shape of a target ptodaasured using the ARGl
optical measuring system. Mechanical propertieshef mild steel DCO5 al
shown in the Table and the target shape and the picture taken fron
ARGUS measuring process are shown in the Fig. &.tlitkness of the blar
was 0.8 mm.

Table 1 Mechanical properties of the mild steel Dt

Specimen Rpo.2 Rm Asgo n C r
orientation [MPa] [MPa] [%] [MPa]
0° 14¢ 292 50.8 1.888
45° 151 298 47.9 0.254 538.5 1.464
90° 14¢ 290 48.0 2.193

where:Ry , —yield stressR;,, — ultimate strengthh\g, — total elongation,
n —strain hardening exponelC — strain coefficient; — normal anisotropy

Fig. 1 Shape of the drawn part in FEM code (a) and mredsa ARGUS system (
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The punch, die and blankholder shown in the Figve2e modeled in the
CAD software and exported to each of FEM code. &itian was performed in
the Autoform and PAM-STAMP code. A shell elemenpdaywith a different
number of integration points was used. In the cdtke explicit code the num-
ber of integration points was 5, and 11 in casthefimplicit code. The implicit
code uses a triangular mesh type with angles of 808 explicit code uses
a rectangular mesh type with the size of 9.7 mne 3ize of the element after
refinement was equal to 1.2 mm. Stages definedih BEM codes are shown
in the Table 2.

Table 2. Stages defined in the implicit and exptode

No Stage/Code Implicit Explicit
1 Positioning yes yes
2 Holding yes yes
3 Drawing yes yes
4 Springback yes yes
5 Cutting yes no

The measurement of deformations, thickness reduatial 3D shape by the
ARGUS optical measuring system was performed inthg as it was described
in the previous chapter. Distances between cenfetgcles on the grid etched
on the sheet were 1.5 mm. The results of the nealesimulation and the
ARGUS measuring system will be described in thim¥dhg chapter.

a) b)

Fig. 2. Assembly of tools in the FEM code (a) amel triangular refinement of the blank (b)

3. Results of experiment

In order to compare differences between the realitsined from the
ARGUS measuring system and numerical simulation|ESY software was
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used. This comparison is necessary for intercoiorectf the model obtaine
from the FEM simulation anche model obtained from the ARGUS measu
system. All kind of inaccuracies defined in the mwital simulation can k
found exactly by this comparison. The value of dégh between models
connected with the error of material model definiti the shpe of tools ant
technological parameters defined in the numerig@ukation. The deviatio
between models is showed in the Fig

Fig. 3 Deviation of geometry of models obtained from AR® used explicita) and explicit
(b) code

Hence all parameters had the same value in theafassing the explici
and implicit codes, so comparison of these soleexdd be discussed. It ¢
be seen in the Fig. 3 that both codes showed siagiation between mod;,
but greater geometry deviation was observed indhge of implicit solve
—2.93 mm in the absolute value. The absolute vafuewviation when thex-
plicit solver was used is 2.66 m

The FLD diagram of the drawn part has a key rolthenassessme of the
technical process suitability. The FLD diagramsarigd from FEM code ar
the ARGUS measuring system are showed in the Fiqud4s. As it can be see
neither in FEM code, nor in the ARGUS measuringesys none point is near
over forming limt curve. The FLD diagrams were exported for thetdmor
membrane of the part, because by using the ARGUSunmg system it ism-
possible to measure deformations or to obtain FLBeutral membrar

Strain path of FLD is more suitable in the casehef explicit integration
scheme as shown in the F5b. In the case of the ARGUS measuring sys
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some points in the area over 60% of major stragnvasible, these points have
not appeared in the FLD obtained from FEM codes.

As it was mentioned, in the ARGUS measuring syséeoourse of thick-
ness reduction over section can be plotted. Toyaedhe accuracy of FEM code
in comparison to ARGUS results, analysis of thekiess reduction was per-
formed. The section through the drawn part was sloiw the Fig. 6. The rea-
son for selecting this section was that a fewaaitareas are near this section.
This section was defined in both FEM models anddiselts were compared.
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Fig. 4. FLD diagram obtained from ARGUS optical s@éng system

Distribution of thickness reduction over sectiorsi®wed in the Fig. 7. In
this picture distribution of thickness reductiortaohed from the ARGUS mea-
suring system and FEM simulations are presentedb&ier understanding and
orientation, section over part is represented lokdm line. As it can be seen in
the Fig. 7, the ARGUS, and numerical simulationsogmized the problematic
areas in the same places. The greatest valuecthttgs reduction is observed in
the bottom of the drawn part. On the left radiusthb— explicit and implicit
codes overestimated the amount of the thicknesstiesh. On the right side of
the drawn part, the thickness reduction was untiereted by the both FEM
codes. In this case it is better to overestimaiektiess reduction, because this
can predict future defect. Smaller differences leetfwvnumerical results and the
ARGUS are observed on the right bottom radius (F)g.The smallest amount
of thickness reduction is observed on the bottothefdrawn part.
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Fig. 5 FLD diagram determined using implica) and explicit (b) solver
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4. Conclusion

Analyses of the deep drawing process usitgARGUS optical measuring
system were discussed. Simulations were carriedising two different FEM
codes and verified with results of experimental soe@aments. It can be con-
cluded, that both codes had approximately the samdts. Using this method it
is possible to verify material models used to defolank behavior. It can be
concluded that the results of the numerical sinmtatire accurate enough to
predict critical areas of the drawn part. The saritecal places of the drawn part
were recognized with the ARGUS measuring systemlaoid FEM codes. In
the case of the FLD diagram there were no poing twe forming limit curve.
Considering the fact that implicit code needs le@msputing time according to
explicit code, and the results varied about smalllies, it can be concluded that
the implicit code is more convenient to use. Moerpv¥he implicit code needs
less parameters which have to be defined, and resdstime spending with
definition. Using the ARGUS optical measuring systeads to prediction criti-
cal areas on the drawn part and to optimizatiorthef whole deep drawing
process.
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ANALIZA EKSPERYMENTALNA | NUMERYCZNA PROCESU
GLEBOKIEGO TLOCZENIA ZA POMOC A OPTYCZNEGO SYSTEMU
POMIAROWEGO

Streszczenie

Wyniki otrzymane z zastosowaniem optycznego systpomiarowego zostaty poréwnane
z wynikami symulacji numerycznych. W artykule prgedviono optymalizagjprocesu gihokie-
go ttloczenia z wykorzystaniem nowoczesnego fotogteynznego systemu pomiarowego. Symu-
lacja numeryczna tego procesu zostata wykonanaomso@ dwoch komercyjnych programéw
MES z wyciem r&nych schematow catkowania czasu.zR® wyniki zostaty szczegotowo zilu-
strowane, poréwnane i oméwione. Optymalizacja poagtbokiego ttoczenia m@ zmniejszy
liczbe wad wyrobu i koszt produkcji oraz poprévjakosé¢ wyrobow.

Stowa kluczowe:gkbokie ttoczenie, symulacja numeryczna, fotogranoziny system pomiaro-
wy
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